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Foreword 



The radiology of vascular malformations and aneurysms is intimately related to the 
evolution of magnetic resonance (MR) imaging, digital subtraction angiography (DSA) 
and catheter-based endovascular therapy. Prior to the advent of MR imaging radiolo- 
gists knew little of so-called venous angiomas (today: developmental venous anoma- 
lies), cavernous hemangiomas (cavernomas) or capillary teleangiectasias, as most of 
these angiodysplasias could not be diagnosed reliably by computed tomography (CT) 
or invasive angiography, let alone the earlier encephalographic techniques with positive 
or negative contrast. But only after MR imaging at field strengths of 1 T or higher had 
become standard did it become clear how common these aberrations of vascular devel- 
opment actually are, in particular cavernomas and developmental venous anomalies. 
This surprised even the pathologists and again required the radiologists to learn more 
about these anomalies and abnormalities, such as their pathogenesis, histopathology, 
epidemiology, genetics, and natural history, including their propensity to bleed. It also 
required them to be able to differentiate these angiodysplastic lesions from non-vascular 
lesions of potentially graver significance. 

Advanced knowledge regarding vascular malformations and aneurysms is now there, 
but the interested radiologist is still forced to gather it from multiple sources, mostly 
original articles in journals, treatises on specific topics, and other publications of a more 
or less limited scope. This is why Michael Forsting, a neuroradiological “all-rounder” 
with a strong bent towards and considerable experience in minimally invasive endovas- 
cular therapy of intracranial vascular abnormalities, has put great effort into producing 
a book that condenses the existing information in one handy volume. In doing so he has 
been helped by members of his department at University of Essen as well as by friends 
and colleagues from leading neuroradiologic institutes in several European countries. 

What came out of this joint effort is a well-organized, beautifully illustrated mono- 
graph that leaves little to be desired: Whenever one is in need of concise, comprehen- 
sive clinical, diagnostic and (endovascular-) therapeutic information on intracranial 
vascular malformations and aneurysms - here it is. The book, rich in important facts, 
numbers and details, impresses perhaps most by its didactic structure and overall style. 
For this reason, I believe, it will quickly find a large readership among radiologists and 
neuroclinicians alike. Possibly quite a number of copies will end up on the desks of clini- 
cal pathologists who sometimes do envy us for the possibility to visualize and diagnose 
most brain lesions in vivo rather than in tabula. 
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Preface 



why a book about the diagnostic imaging and endovascular therapy of vascular mal- 
formations? There is a simple answer: This is a fascinating part of neuroradiology, it has 
many interdisciplinary aspects and it has become a large field of my and our professional 
life. The book should have been ready at least one year earlier, but there was always 
something new that had to be included. Still, I am sure, each reader will miss something 
he or she has just heard at a meeting or read in the current issue of a journal. On the 
other hand, there is already a wealth of established basic knowledge about diagnostic 
imaging and endovascular therapy that will not change fast and justifies writing a book 
instead of a review paper. 

There are a lot of basics one should know about vascular malformations of the brain, 
and during our daily practice my colleagues and I see a lot of images and patients that 
do not have a proper diagnosis or have had a lengthy odyssey before finding an expert. 
We all hope that our book will find readers who are willing to go into this important 
aspect of radiology and will enable them to care for their patients in a professional way. 
And it is not only written for interventional neuroradiologists: it should be of interest 
for everybody working in “neuro-disciplines”. 

Although we belong to the younger generation of European neuroradiologists - we 
know that age is a moving target, but never mind - we chose not to write a modern 
book with colored “memory boxes” or other such aids, but an old-fashioned textbook. 
It is something to read at leisure - perhaps on a pleasant evening with a glass of red 
wine beside you - and memory will be supported by some redundancies and repetitions. 
Anyone in a hurry can run through the book just looking at the many images. 

We invite all readers to help us improve the next edition. If something is good, let us 
know! More importantly, if something is not good or even wrong, please give us a call or 
send us an e-mail! 

It was tough work, but finally we enjoyed it. We owe a debt of thanks to Ursula Davis 
of Springer-Verlag,who continuously pushed us to finalize it, always friendly and always 
stimulating. 

Last but not least, a lot of people contributed substantially to this book without writ- 
ing a chapter by themselves. They include my academic teachers Hermann Zeumer 
(Hamburg), Armin Thron (Aachen) and Klaus Sartor (Heidelberg), who gave the first 
impulse to write this book. I would like to thank them for supporting me during my 
whole professional career and for numerous stimulating discussions on vascular prob- 
lems of the brain. 
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In a typical neurovascular working day, developmen- 
tal venous anomalies (DVAs) are causing a lot of con- 
fusion. In part, this confusion is related to the term 
“venous angioma”, which is used in many institu- 
tions as a synonym for DVA! But, “venous angioma” is 
clearly a misnomer, because the term “angioma” usu- 
ally suggests a severe disease with a substantial risk 
of bleeding. In contrast, DVAs must be considered as 
unusual, but nonpathological, venous drainage and 
an embryologically determined variant of venous 
drainage. On the other hand; DVAs are considered 
to be the most common form of cerebral vascular 
malformations, occurring in up to 4% of the popula- 
tion (Garner et al. 1991; Ostertun and Solymosi 
1993; Truwit 1992). This high incidence is a good 
reason to familiarize oneself with these lesions and 
keep abreast of new findings in this area. 

In my experience, another factor contributing to 
the DVA-related confusion is that many radiologists 
and clinicians just see abnormal vessels on magnetic 
resonance imaging (MRI) scans, immediately tell the 
patient something about a vascular malformation, 
and refer the patient for neurosurgical extirpation 
of the lesion. 

To avoid too much irritation, specifically within 
the group of referring doctors, the term “venous 
angioma” should be avoided and DVA should be 
used. However, if you are reporting about a DVA, it is 
usually necessary to explain what this is. And this is a 
good reason to read the upcoming chapter. 



M. Forsting, MD, PhD; I. Wanke, MD 
Institute of Diagnostic and Interventional Radiology, 
Department of Neuroradiology, University of Essen, 
Hufelandstrasse 55, 45147 Essen, Germany 



1.1 

Pathology 

The pathogenesis of a DVA is still unknown. Saito 
and Kobayashi et al. (1981) hypothesized that an 
intrauterine event during formation of the medul- 
lary veins or tributaries induces the formation of col- 
lateral venous drainage pathways. This hypothesis is 
supported by the absence of normal draining veins in 
the region of the large draining collector vein. 

Another assumption is that an in-utero acquired 
venous occlusion maintains the intrinsic venous 
anastomoses within the white matter. The DVA then 
expresses an early collateral adaptation, but devel- 
ops on a preexisting venous system that has been 
transformed. However, the majority of DVAs are not 
associated with any sort of neural tissue damage or 
dysfunction. Lasiaunias (1997) commented on this 
theory that it can hardly be imagined that a signifi- 
cant venous disorder (such as thrombosis) at an early 
stage of development would not be associated with 
some tissue abnormality. Furthermore, the fact that 
DVAs do not exist in the diencephalon, brain stem, or 
spinal cord and are only encountered where tectum 
derivates exist, excludes DVAs from the group of 
pathological malformations (Lasiaunias 1997). 

The association of venous malformations with 
other vascular malformations gave further room for 
speculation. Mullan et al. (1996) hypothesized that 
true arteriovenous (AV) malformations maybe fistu- 
lized venous malformations and that both vascular 
anomalies may be related to a developmental failure 
of the cortical venous system. However, these are nice 
theories, but do not have any impact on diagnostic 
work-up or patient management, nor are they sup- 
ported by any study. Kilic et al. (2000) looked for 
expression of structural proteins and angiogenic fac- 
tors in cerebrovascular anomalies. Whereas AVM and 
cavernomas had expression of vascular endothelial 
growth factor, DVAs did not express any of the stud- 
ied growth factors and mainly consisted of structural 
proteins of angiogenically mature tissue. This find- 
ing strongly supports the idea of a simple variation of 
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the venous drainage instead of being a true vascular 
malformation. 

In contrast, the relationship of DVAs with cav- 
ernous hemangiomas has been well documented 
(Abe et al. 1990; Comey et al. 1997; Goulao et al. 
1990; Rigamonti and Spetzler 1988; Wilms et al. 

1994) . There are also reports about de novo forma- 
tion of cavernous hemangiomas in the vicinity of 
DVAs (CiRiciLLO et al. 1994). The close relationship 
of mixed malformations may be related to venous 
hypertension within the regional microenvironment 
with erythrocyte diapedesis and angiogenic growth 
factor release (Cirillo et al. 1994; Robinson et al. 

1995) . Another interesting finding is that in families 
affected with cavernomas - an autosomal dominant 
inheritance has been established in these families 
- none of the patients described to date with the 
combination of cavernoma and DVA has a positive 
familial history, nor has any genotypic classification 
been found. However, we have to accept the coinci- 
dence between DVAs and cavernomas, but have to 
admit that we do not have any substantial hypothesis 
what the pathogenetic origin of this coincidence is. 

The histologic examination does not reveal any 
vessel abnormality. The vessel wall is completely 
normal in DVAs. The anomaly in DVAs is the course 
of the draining vein. There is no arterial component in 
this entity. Intervening brain tissue is present between 
the veins compromising the lesion, and this brain 
tissue is usually normal without evidence of hemosid- 
erin staining or gliosis. On MRI, there is sometimes a 
high T2-signal visible around the draining vein. How- 
ever, this should not be interpreted as gliosis, but can 
be explained by dilated perivascular and cerebrospinal 
fluid (CSF)-containing space (see Fig. 1.4). 



Developmental venous anomalies represent the 
most common vascular variant, accounting for 63% 
of intracranial vascular malformations in one large 
autopsy study, with an overall incidence of 2%-4% 
(Sarwar and McCormick 1978). The lesion consists 
of a tuft of abnormally enlarged medullary venous 
channels that are radially arranged around, and drain 
into a central venous trunk. The common trunk drains 
intracerebrally into the deep or superficial venous 
system (Lasjaunias 1997). It is important to bear in 
mind that the vein’s course is not normal; however, 
it does drain normal functioning brain tissue. This 
should be of particular interest when surgery has to be 
performed around the draining vein, e.g., if the DVA is 
associated with a cavernoma. In these patients, it is of 
the utmost importance to preserve the draining vein 
and to remove only the cavernoma (see Fig. 1.7). 



1.2 

Clinical Presentation 

Hemodynamically, DVAs represent low-flow, low- 
resistance lesions that are less likely to bleed. Garner 
et al. (1991) calculated the hemorrhage rate to be 
0.22% per year; McLaughlin et al. (1998) found 
a symptomatic hemorrhage rate of 0.34% per year. 
This range of hemorrhage risk is within the range we 
expect from cavernous hemangiomas alone. Based 
on these data and on hemodynamics, one might 
already conclude that hemorrhages in the presence 
of a DVA are not related to the DVA itself, but in 
nearly all patients related to an associated cavernous 
angioma! My opinion is that the risk of hemorrhage 





b 



Fig. 1.1. a Axial nonen- 
hanced computed tomog- 
raphy scan reveals a hyper- 
dense dot within the right 
frontal lobe representing 
the transcerebral drain- 
ing collector vein, b The 
contrast-enhanced scan 
with a 4-mm slice thickness 
[explaining the decreased 
signal-to-noise ratio com- 
pared to (a)] shows the 
marked enhancement of the 
vein and confirms the diag- 
nosis of a developmental 
venous anomaly 
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Fig. 1.2a, b. Axial (a) and sagittal (b) contrast-enhanced Tl-weighted magnetic resonance imaging with a typical right fron- 
tal developmental venous anomaly. Conspicuous on both views is the transcerebral draining vein. A second look reveals the 
“Medusa head”, small venules radially arranged around and draining into the transcerebral collector vein 



in a pure DVA is around zero! I did not find a single 
case report with a well documented intracerebral 
hemorrhage (ICH) due to a pure DVA. However, this 
is not evidence-based, just a simple clinical impres- 
sion gained over the years. In all cases mentioning a 
pure DVA as the cause of an ICH, imaging was not 
optimal and did not rule out the more common con- 
stellation with an associated cavernoma. 

The coincidence of DVAs and cavernomas, how- 
ever, is evidence-based and therefore has to be taken 
into consideration whenever facing a cavernoma or 
a DVA. Up to one third of DVAs are associated with 
cavernomas (see Figs. 6-9). 



A major problem of most studies reporting hemor- 
rhages due to a DVA is how they ruled out an associ- 
ated cavernoma. It is clearly not enough just to perform 
T2 -weighted images in patients with DVAs. All these 
patients need an imaging work-up with 72“*^ -weighted 
MRI sequences to exclude or to visualize associated 
cavernomas with the highest sensitivity. 

Beside the risk and discussion of hemorrhagic 
complications, DVAs have been associated with vague 
neurological symptoms, such as nonspecific head- 
aches and dizziness, or with more specific symptoms 
and/or signs like seizures (McLaughlin et al. 1998). 
However, having in mind the association of caver- 



Fig. 1.3a, b. Axial 
contrast-enhanced 
Tl-weighted magnetic 
resonance imaging 
with a developmen- 
tal venous anomaly 
located in the left 
cerebellar hemisphere. 
Again, the transpar- 
enchymal draining 
vein is the most strik- 
ing sign. On (b), the 
Medusa head is clearly 
visible. There is no 
need for an additional 
digital subtraction 
angiography 









4 



M. Forsting and I. Wanke 






d 



Fig. 1.4. a, b Axial 
T2-weighted (a) and 
contrast-enhanced 
Tl-weighted (b) 
magnetic resonance 
imaging reveal a large 
transcerebral drain- 
ing vein. Note the 
enlarged perivascular 
space around the vein 
on T2 image (a) and 
the coronal T1 image 
without contrast 
enhancement (d). c 
The Medusa head is 
visible with star-like 
configured small 
draining venoles 



noma and DVA, all these findings have to be critically 
reviewed. In 1998, McLaughlin and colleagues pub- 
lished their series of 80 patients with DVAs focused 
on the prospective natural history of cerebral devel- 
opmental venous malformations. According to their 
interpretation, 22/80 DVAs were symptomatic: nine 
patients had headaches related to the DVA, four 
presented with DVA-related seizures. Three patients 
had sensory symptoms, three other patients motor 
deficits. Two patients presented with trigeminal neu- 
ralgia and a single patient with an extrapyramidal 
movement disorder. Korinth et al. (2002) described 
another patient with trigeminal neuralgia due to a 
DVA in the cerebellopontine angle. After microvas- 
cular decompression, the typical symptoms of the 
neuralgia disappeared completely. At the time of reg- 



istration, 16/80 patients in the McLaughlin series 
had sustained previous intracranial hemorrhage in 
the region of the venous malformation, two of them 
suffered subsequent hemorrhage during the prospec- 
tive follow-up period. Most of the venous malforma- 
tions were located in the posterior fossa (36/80). In 
three patients, there was an association of the DVA 
with a cavernous hemangioma. McLaughlin and 
colleagues did excellent work while collecting all 
these data and it is clearly one of the most important 
papers dealing with DVAs. 

However, it is questionable whether the symp- 
toms of the patients were really related to the DVA. 
It is not surprising that a substantial proportion of 
patients with these lesions reaching neurosurgical 
centers had some history of associated neurologi- 
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cal events. Such selection bias is not unusual and 
is likely to overestimate the risk of any associated 
neurological manifestation. Symptoms like headache 
and sensory symptoms are difficult to dissociate 
from the lesion, but it is also often impossible to 
attribute the symptoms causally to the DVA. Another 
problem of the study is that imaging was not opti- 
mized to get maximal sensitivity for cavernomas. 
Symptoms like bleeding, seizures, and headache are 
known to be associated with cavernomas. Therefore, 
T2’*^-weighted MRI sequences should be standard for 
all DVA imaging protocols. However, some patients 
really might have local symptoms due to the large 
caliber of the draining vein, specifically when located 
within the cerebellopontine angle. Abdulrauf and 
coworkers (1999) found a coincidence of cavernous 
malformation and DVA in 24% of patients referred 



for surgical removal of a cavernous malformation. 
They additionally deduced that, specifically in the 
posterior fossa, the likelihood of an association of 
both entities increases significant. Another inter- 
esting hypothesis of theirs is that association of a 
cavernoma and a DVA may increase the probability 
of a cavernoma-related hemorrhage. In their study 
population, 38% of patients with cavernoma alone 
presented with hemorrhage, but 62% of patients with 
cavernoma and DVA. Additionally, the incidence of 
repeated symptomatic hemorrhage was increased in 
the group with combined malformations (23%) com- 
pared to the pure cavernoma patients (9.5%). Comey 
et al. (1997) described similar cases with parenchy- 
mal enhancement around the DVA, and speculated 
that this finding might be secondary to local venous 
hypertension. Other surgeons (Little et al. 1990) 




Fig. 1.5. a Axial contrast-enhanced T1 -weighted image with a small devel- 
opmental venous anomaly (DVA) in the left hemisphere. The typical tran- 
scerebral draining vein is diagnostic. However, the epileptic seizures of the 
patient are not associated with the DVA. b, c T2-weighted (b) and inversion 
recovery sequence (c) nicely reveal the nodular subependymal heterotopic 
gray matter in the wall of the left ventricle. This cellular migration disorder 
is the cause of the seizures 
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Fig. 1.6. a, b Axial 
contrast-enhanced 
T1 -weighted magnetic 
resonance imaging 
with a large develop- 
mental venous anom- 
aly (DVA) located 
in the left temporal 
lobe. The patient was 
referred with the diag- 
nosis of an arteriove- 
nous malformation 
as causative for his 
temporal lobe epilepsy, 
c, d Coronal FLAIR (c) 
and T2-weighted (d) 
images revealed a typi- 
cal cavernoma associ- 
ated with the DVA 



found an anatomical and physiological communi- 
cation between cavernomas and associated DVAs. 
Therefore, it might indeed be possible that venous 
hypertension in association with DVA can predis- 
pose a cavernoma to bleed. Another explanation for 
this finding may be that the majority of cavernomas 
were located in the supratentorial compartment, but 
the majority of cavernomas plus DVA were located in 
the infratentorial compartment. Because of their elo- 
quent location, it is likely that smaller hemorrhages 
in the posterior fossa manifest overt symptoms and 
may hence be detected clinically. 

In 1999, Topper et al. reported 67 patients with the 
MRI-based diagnosis of DVA. In 12 patients, an asso- 
ciated cavernoma was found. And again; there was no 



hemorrhage in a patient with a pure DVA. All hemor- 
rhages were due to an associated cavernoma. 

The first thing to memorize in clinical presentation 
of DVA is: There is no, or at least an extremely low, risk 
of hemorrhage due to a DVA. All hemorrhages are 
related to an associated cavernoma. You just have to 
find the cavernoma or urge a radiologist to do so. 

In Topper’s study, the main reasons for refer- 
ring the patient to the MRI suite included seizures 
and headaches. In contrast to McLaughlin, these 
authors did not find any association between the 
complaints that led to MRI and the location or diag- 
nosis of a DVA. In both groups, there were a lot of 
patients with headaches and epilepsy; in fact, these 
two groups represented the main referral reason in 
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both groups. Whereas McLaughlin classified many 
DVAs as symptomatic because the patients suffered 
from headaches, Topper et al. never found an asso- 
ciation between headache and a DVA. And I agree; I 
don’t think that there is an association between DVA 
and headache. Remember, DVAs do not cause any 
steal effect (like true AVMs), and it is more than dif- 
ficult to explain how the pathomechanism for head- 
ache could be. In general, there are two explanations 
for the coincidence of headaches and DVAs in the 
same patient. First, both findings are common and 
there is no causal relationship at all. Second, a small 
subgroup of patients with DVA and headache might 
have an additional cavernoma located near the sur- 
face of the brain. Some of these patients suffer from 
headache due to subarachnoid microhemorrhages. 



And then again, the cavernoma is responsible for the 
clinical picture and not the DVA. 

Another reason for patient’s referral to an MRI 
unit are seizures. There might be an association 
between DVA and epilepsy, even if the EEG focus in 
not congruent with the location of the DVA. If this is 
true, one should take a careful look for an associated 
cavernoma, cavernomas being known to cause differ- 
ent types of epilepsy, mainly due to their content of 
hemosiderin. 

And if you don’t find a cavernoma as a source for 
the ictus: there is little evidence that the development 
of a DVA during embryology might be associated 
with some more severe developmental problems like 
small-scale migration deficits (Barkovich 1988; 
Watanabe et al. 1990). Lasjaunias (1997) pointed 



Fig. 1.7. a Axial contrast-enhanced T1 -weighted image reveals the typical 
transcerebeUar draining vein. The patient had a history of transient cerebel- 
lar symptoms with ataxia, b, c Again, careful additional imaging [coronal T2 
(b) and axial T2* (c)] clearly shows the associated cavernoma. Notice the 
increased visibility of the cavernoma on the T2* image (c) compared to the 
standard T2 (b). d Magnetic resonance imaging after surgical removal of the 
cavernoma reveals the preservation of the developmental venous anomaly 
not to affect the normal venous drainage of the cerebellar hemisphere 
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Fig. 1.8. a,b Patient with two interconnected developmental venous anom- 
alies (DVAs) periinsular and frontal on the left side (contrast-enhanced 
Tl-images). c T2-image reveals additional intracerebral cavernomas 



c 





out that the DVA is clearly not responsible for the cor- 
tical changes. However, the coincidence of both find- 
ings illustrates the close relation in topography and 
time between the venous maturation process (from 
the striatal veins and transhemispheric balance set- 
up) and the cell migration from the germinal matrix. 
In conclusion: Seizures and DVAs are a complex com- 
bination (see Figs. 1.5 and 1.6). It is clearly incorrect 
and too simple to decline any association between 
the clinical problem and the imaging findings on the 
one hand, or to identify the DVA as the epileptogenic 
foci in all patients on the other. However, any DVA in 
a patient with seizures should guide us to look careful 
for cavernomas (associated with the DVA or at any 
other location within the brain) or any heterotopia. 

There was another interesting topic in the study of 
Topper et al. (1999): Among those patients referred to a 



private practice group, the incidence of DVA was 0. 14%, 
among those referred to a University department of 
neuroradiology the incidence was 0.7%. The authors 
figured out that this difference can be explained by the 
different number of patients who undergo a contrast- 
enhanced MRI in a private practice to in a University 
department. Contrast-enhanced MRI studies increase 
the sensitivity of MRI for DVA significantly. 

To come back to the discussion of hemorrhage 
in patients with DVA: A rare reason for hemorrhage 
around the collecting vein in DVA may be a throm- 
bosis of the draining vein (Bouchacourt et al. 1986; 
Konan et al. 1999; Masson et al. 2000). There are only 
a few case reports in the literature about this specific 
problem and there is no evidence that the risk of 
venous occlusion is increased in DVA. But, of course, 
the transcerebral draining vein might have a risk of 
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thrombosis like all other intracranial veins. It seems 
to be true that thrombosis of the main draining vein 
does cause more severe clinical problems if located 
in the posterior fossa. Bouchacourt et al. (1986) 
reported a well-documented case of thrombosis of 
a DVA that led to an extensive hemispheric venous 
infarction. Usually, the outcome is pretty good, with 
and without anticoagulation. 

Rarely, DVAs have been reported to cause hydro- 
cephalus or trigeminal neuralgia (Blackmore and 
Mamourian 1996; Numaguchi et al. 1982) due 
to local compression of the aqueduct or the fifth 
cranial nerve. There is a single case report describ- 
ing the juxtaposition of capillary telangiectasia, 
cavernous malformation, and DVA in the brainstem 
(Clatterbuck et al. 2001). The authors’ hypothesis 
is that a developmental event may disrupt local capil- 
lary-venous pattern formation. 

Jung et al. (1997) described a patient with a DVA 
and an acute demyelination around the draining vein. 
However, there is no evidence that DVA may lead to any 
other central nervous system (CNS) disease and cases 
like this merely represent an occasional coincidence. 

Under rare circumstances, DVA can also be associ- 
ated with tumoral masses (Beers et al. 1984; Handa et 
al. 1984). Handa et al. (1984) reported a patient with a 
deep DVA combined with an intracranial varix. 

Most of the DVAs are solitary, although multiple 
lesions might occur in the blue rubber bleb nevus 
syndrome, characterized by bluish discolored skin 
and mucocutaneous lesions. However, there are 
multiple DVAs in patients that do not have any syn- 
dromes or any genetic defect (see Figs. 1.8 and 1.9), 
but the likelihood of a coincident cavernoma seems 
to be increased in these patients. 



1.3 

Imaging 

Computed tomography (CT), MRI, and angiography 
delineate the typical curvilinear vascular channels 
receiving drainage from a “Medusa head” - the typi- 
cal radial pattern of small venules. The larger, central 
draining “collector” vein empties into a large cortical, 
a dural, or a subependymal vein. 

The typical contrast- enhanced CT or MRI reveals 
the draining vein as an enhancing “dot” within the 
white matter of the supratentorial hemispheres or the 
cerebellar hemispheres. 

Going up or down slice by slice, this enhancing 
dot is visible within a couple of slices. It depends 



mainly on slice thickness and on contrast resolution 
whether the Medusa head is visible or not. Due to the 
improved contrast resolution, the draining vein is 
usually better delineated on MRI than on CT. DVAs 
may be overlooked on unenhanced MRI scans, but 
usually the large central vein can be seen due to its 
linear flow void. Sometimes, the draining vein has 
a high signal on Tl-weighted images due to slow 
flow rephasing phenomena. This is important to 
know, because otherwise some radiologists and/or 
clinicians misinterpret this high signal as a sign of 
thrombosis! There is nearly always some CSF signal 
around the vein. As mentioned above, this should not 
be interpreted as a gliotic reaction of the brain, but 
simply as dilated perivascular spaces. 

Intravenous contrast application usually visualizes 
not only the draining vein, but also the Medusa head 
to an extent where the diagnosis can be confirmed by 
MRI or CT. Angiography is usually not necessary. 

However, finding a DVA on MRI should always 
initiate a modification of the scanning protocol. This 
is particularly important in those patients referred 
because of seizures. As mentioned above, DVA can 
be associated with other cortical abnormalities. The 
theory of increased cortical disorders came up with 
the hypothesis that DVA might have a pathogenetic 
origin in a specific intrauterine phase with occlusion 
of one of the major venous sinus. To obtain venous 
drainage, one of the transmedullary draining veins 
is kept open; and during this vulnerable phase, other 
developmental problems might occur that finally 
cause seizures. In conclusion; if you don’t find a cav- 
ernoma in seizure patients, look for heterotopia, best 
visualized with inversion recovery sequences. 

In the majority of patients with DVA and sei- 
zures, we have to look for associated cavernomas. 
This association is evident; however, nobody really 
knows the pathogenetic background behind it. But it 
is also evident that we do not see all cavernomas on 
regular T2-weighted images, e.g., not the small ones. 
Therefore, in all patients with DVA (and specifically in 
those with seizures), a T2*^ gradient echo sequence has 
to be added to the usual protocol to be sure that there 
is no associated cavernoma. I am pretty sure that in 
the majority of patients published in the literature as 
having an epileptic focus in the proximity of the vis- 
ible DVA (and consequently the DVA was thought to be 
responsible for the seizures), the diagnostic work-up 
was not specifically designed to rule out a cavernoma 
with sufficient sensitivity. Additionally, T2’*^ sequences 
sometimes visualize the DVA itself pretty well with a 
marked hypointensity reflecting the paramagnetic 
deoxyhemoglobin within the venous blood. 
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There is still a debate about the usefulness of 
MRA in DVA. The transcerebral vein is usually vis- 
ible, but MRA is clearly not necessary to confirm the 
diagnosis. To sum up the imaging findings: DVA is 
most often an incidental finding on cross-sectional 
imaging. If the patient is referred for symptoms like 
seizures or headache, the imaging protocol should 
include a T2’^-weighted sequence to exclude an asso- 
ciated cavernoma. 

In a nonenhanced CT scan, the transcerebral drain- 
ing vein can rarely be seen as a slight hyperdense dot 
or band within the white matter. In enhanced scans 
or in source images of CT angiography, the vein 
is clearly visible - like in contrast-enhanced MRI 
(Peebles and Vieco 1997). However, if the diagnosis 
is based on typical MRI findings, it is not necessary to 
perform an additional CT scan or a CT angiography. 



Angiographic characteristics include normal arte- 
rial and capillary phases, with opacification of the 
DVA exclusively during the venous phase and remain- 
ing opacified through the late venous phase. The only 
abnormal finding is the Medusa head and the abnor- 
mal transcerebral course of the collecting vein. 

In general, we don’t need angiography in patients 
with DVA. At our institution, we do perform angiog- 
raphy in those cases with an “atypical appearance” of 
the DVA, previous hemorrhage due to an associated 
cavernoma, or in the setting of hereditary hemor- 
rhagic telangiectasia (with a high prevalence of true 
AV malformations, as well as venous anomalies). 

Discussing the need for angiography in DVA, 
there is always somebody around with the question 
of ruling out an AVM. This question clearly should 
not be an indication for angiography in the vast 





Developmental Venous Anomalies 



11 



majority of patients. Reports in the literature on the 
coincidence of DVA and true AV malformations are 
rare. Komiyama and colleagues (1999) figured out 
that there are 31 patients in the literature that had a 
DVA with an arteriovenous shunt. They themselves 
saw three patients, but they did not publish any MR 
images. 

And if you read the reports carefully and look at 
the illustrations, you hardly ever find a typical DVA 
illustration on a cross sectional image. They are 
always atypical: large venous convolutes, not just a 
single transcerebral vein and often already dilated 
arteries. So, the general recommendation to perform 
a DSA in those DVAs that have an atypical presenta- 
tion on MRI can be justified; this will lead to some 
AVMs that on a quick view look like a DVA on cross- 
sectional imaging. The chance, however, of missing 
an AVM in a patient with a typical DVA on MRI is 
really low and probably much lower than the risk 
of performing a DSA. Aksoy and colleagues (2000) 
raised the question of whether MRA should be part 
of the diagnostic work-up of these patients. Again, it 
is not necessary in a typical DVA and it is probably 
not very helpful in an atypical one. 

Boukobza et al. (1996) found a specific pattern of 
DVAs in patients with extensive venous malforma- 
tions of the head and neck. The draining veins were 
more tortuous and dilated and more often drain- 
ing into the deep venous system. Additionally, the 




Fig. 1.10. Digital subtraction angiography (lateral view) of a 
developmental venous anomaly located in the right temporal 
lobe. Note the typical upside-down umbrella shaped transce- 
rebral draining vein 



incidence of DVA seems to be increased in patients 
with slow-fiow vascular malformations of the head 
and neck. In their series of 40 patients with head and 
neck venous malformations, eight had intracranial 
DVAs and five multiple DVAs. In the literature, mul- 
tiple DVAs have been reported to occur in around 
25% of cases, sometimes related to other congenital 
disorders and syndromes (Rigamonti et al. 1987; 
Rigamonti and Spetzler 1988). 

In conclusion, patients with head and neck venous 
malformations obviously have an increased prob- 
ability of having a DVA and an increased chance of 
having multiple DVAs. There are no data on whether 
the risk of having cavernomas is also increased in this 
patient subgroup. 

However, my personal experience is that multiple 
DVAs are associated with at least one, sometimes 
even more than one, cavernoma (Figs. 1. 8 and 9). 



1.4 

Therapy 

According to earlier literature (Cabanes et al. 1979; 
Handa et al. 1984; Lobato et al. 1988; Lupret et 
al. 1993; Malik et al. 1988; McCormick et al. 1968; 
Moritake et al. 1980; Sadeh et al. 1982; Sarwar 
and McCormick 1978), you will find authors 
recommending surgical resection of DVAs, assum- 
ing the lesion is accessible and symptomatic, e.g., 
presenting with hemorrhage. According to more 
recent literature (and what you read on the previ- 
ous pages), the DVA is a functional venous chan- 
nel draining normal parenchyma and the risk for 
venous infarction after surgery or radiosurgery 
is high (Fig. 1. 11). In fact, resection of the vein 
is associated with unacceptable morbidity and 
mortality (Biller et al. 1985; Meyer et al. 1995; 
Pak et al. 1980; Sadeh et al. 1982; Senegor et al. 
1983). Martin et al. (1984) reported an episode of 
severe cereb ellar swelling even with only temporary 
occlusion of the visualized draining veins requiring 
abortion of the operation. Similarly, radiosurgery 
of DVAs has a 30% complication rate, can lead to 
venous infarction, and nearly never leads to total 
venous obliteration. With the knowledge of the 
indolent and benign natural history of DVAs in 
general, McLaughlin et al. recommended observa- 
tion as the primary mode of strategy. In the case of 
hemorrhage - assuming that the bleeding is caused 
by an associated cavernoma - they recommend 
simple clot removal with preservation of the vein 
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Fig. 1.11. a Digital subtraction angiography of an unusually large developmental venous anomaly of the right hemisphere. Note 
the doubled upside-down umbrella with two Medusa heads and a single transcerebral draining vein. For unknown reasons, the 
patient received stereotactic radiation therapy and came back to the hospital 9 months later, b The magnetic resonance image 
at that time revealed a massive hemispheric swelling due to a large venous infarction after radiation-induced thrombosis of the 
collector vein 



(Fig. 1. 7). The surgeon should be alert to finding a 
cavernoma associated with the DVA, but the DVA 
itself is a “leave-me-alone” lesion. 

I am not really convinced by the recommenda- 
tions of McLaughlin et al. regarding pure DVA and 
the need for observation. If there is an adequate MRI 
examination, excluding a cavernoma with the high- 
est possible probability, I would not (and in fact we 
don’t) recommend any follow-up or observation of 
a patient with just a DVA. It’s hard to explain that it 
is just a variant - and not a disease - but needs an 
observation over time. Our recommendation and 
explanation to the patient and/or the referring doctor 
is that it usually needs no observation, the bleeding 
risk is not increased, and the problem for referral is 
not related to the DVA. 

However, if the DVA is associated with a caver- 
noma, the therapeutic implications are related to the 
cavernoma. The difference is the surgical approach; 
in a pure cavernoma, the goal is to remove the whole 
cavernoma including the hemosiderin rim. If associ- 
ated with a DVA, the draining vein has to be preserved 
and, therefore, sometimes the cavernoma cannot be 
removed totally. 

A final remark to those patients with an incidental 
finding of a DVA: Patients are not restricted in any 
way from normal daily activities or from pregnancy! 
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2.1 

Cavernomas 

In 1956, Crawford and Russell first coined the 
term “cryptic” vascular malformation in reference 
to small, clinically “latent vascular lesions”, that 
resulted in either apoplectic cerebral hemorrhage or 
signs of growing mass lesion. Most of these vascular 
malformations were angiographically occult. 

In 1976, Voigt and Yasargil gave a first overview 
of the entity of intracerebral cavernomas. At that 
time, these malformations were thought to be rare. 
Since then, diagnostic modalities have changed dra- 
matically: not only has computed tomography (CT) 
become available, but magnetic resonance imaging 
(MRI) has proved to be the most sensitive diagnostic 
tool for cavernomas. And thanks to MRI, our knowl- 
edge relating to cavernomas has increased since 1976; 
there remain, however, several questions marks sur- 
rounding these malformations. 
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2.1.1 

Pathology 

Vascular malformations of the brain are usually 
divided into arteriovenous malformations, capillary 
telangiectasias, venous malformations, and cavern- 
ous malformations. However, for a long time, the term 
“angiographically occult vascular malformation” or 
“cryptic” (Cohen et al. 1982; Dillon 1997; Wilson 
1992) has been used to describe those vascular mal- 
formations that could not be visualized angiographi- 
cally, but obviously were able to cause intracerebral 
hemorrhage. 

Cavernomas, also called cerebral cavernous mal- 
formations or cavernous angiomas (CA) are char- 
acterized by endothelium lined, sinusoidal blood 
cavities without other features of normal blood 
vessels like muscular or adventitial layers (Fig. 2.1) 
(McCormick et al. 1968). 

The diameter of the blood vessels ranges between 
30-50 pm. No brain tissue is present between the 
blood cavities, which are embedded into connective 
tissue. This is from a pathological point of view the 
major difference between cavernomas and capillary 
telangiectasias. In the latter, there is intervening brain 
parenchyma between the vascular channels. However, 




Fig. 2.1. Histology of a typical cavernoma with endothelium- 
lined, sinusoidal cavities without other features of normal 
hlood vessels, such as muscular or adventitial layer 
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since Rigamonti et al. (1987, 1988) found a more than 
30% incidence of intervening brain parenchyma in 
more or less typical cavernomas, there is an ongoing 
debate whether cavernomas and capillary telangi- 
ectasias simply represent two pathological extremes 
within the same vascular malformation category. 
The suggestion is to group them in an entity called 
“cerebral capillary malformation.” This new way of 
looking at cavernomas and capillary telangiectasias is 
clearly of interest from a academic point of view. From 
a clinical point of view, it still seems reasonable to us 
to maintain the established classification. 

Cavernomas are not encapsulated, but well sepa- 
rable from brain parenchyma. However, the sur- 
rounding brain usually exhibits evidence of prior 
microhemorrhage, hemosiderin, discoloration, and 
hemosiderin-filled macrophages (Maraire and 
Awad 1995; Russel and Rubinstein 1989). This 
indicates recurrent microbleedings or leakage of 
red blood cells. Thrombi of varying age are charac- 
teristic and are present within many of the vessels. 
Calcification and surrounding gliosis typify the 
margins of the lesion. 

During follow-up, growth of cavernomas can occur, 
but this is exclusively related to osmotic changes or 
differences (as in chronic subdural hematoma) and 
never related to infiltration or any active growth. The 
sinusoidal walls may be locally thickened or hyalin- 
ized with spots of calcification. The structure of the 
sinusoidal walls is a unique feature of cavernomas. 

The cavity of the dilated vessels may contain clot- 
ted blood in different stages of degradation. Ultra- 
structural examinations have disclosed a lack of tight 
junctions in the wall of cavernomas (Wong et al. 
2000). The known propensity for growth and bleed- 
ing of cavernomas has been attributed to this rarity 
of tight junctions, as well as to the lack of significant 
subendothelial support. However, the precise reason 
for a macroscopic hemorrhage in these low-fiow mal- 
formations without any elevated intralesional blood 
pressure is unclear. 

The macroscopic appearance of cavernomas can 
be described as mulberry-, grape-, or popcorn-like 
with a diameter of several centimeters. 

Cavernomas may occur sporadically (Kupersmith 
et al. 2001), after radiation therapy (Amirjamshidi 
and Abbassioun 2000; Olivero et al. 2000), and 
hereditarily (Labauge et al. 1998) following an 
autosomal dominant trait. Recently, genes causing 
cavernomas were mapped on chromosomes 7q, 7p, 
and 3q in a group of families. The CCMl locus on 
chromosome 7q21-22 harbors the Kritl gene, which 
probably encodes a tumor suppressor protein (Zhang 



et al. 2000; Davenport et al. 2001). The occurrence of 
sporadic cavernomas may be due to the functional 
loss of the CCMl gene in heterozygous individuals. 
Further disease loci (CCM2 on chromosome 7pl3-15 
and CCM3 on chromosome 3q25.2-27) have been 
found in other families; however, the genes have not 
been identified as yet. Although genetic causes have 
been detected in familial forms of the disease, for the 
majority of sporadic cases the genetic contribution 
remains to be determined. However, because aU first- 
degree relatives of patients with cavernomas may not 
be screened radiographically, the ratio of true sporadic 
to familial cases may be underestimated. Beside the 
autosomal transmission, the hallmark of the familial 
form is multiplicity of cavernomas within the brain 
(Brunereau et al. 2000). 

The incidence of the familial form seems to be 
particularly high in individuals of Hispanic descent 
(Rigamonti et al. 1988; Zabramski et al. 1994). 

The question as to why cavernomas predomi- 
nantly occur in the central nervous system (CNS), 
including the spinal cord, skin, and eyes (Sarraf 
et al. 2000), is still unresolved. Other, rare locations 
include the cerebral ventricles (Reyns et al. 1999), 
cranial nerves (Ferrante et al. 1998), the cavernous 
sinus (Bristot et al. 1997), or subarachnoid space 
(M. Kim et al. 1997). There are also reports on an 
extradural location (Porter et al. 1999). 

Cavernomas are frequently accompanied by devel- 
opmental venous malformations (see Chap. 1) or 
capillary telangiectasias. According to some reports, 
brain-stem cavernomas are always associated with a 
venous abnormality (Porter et al. 1999). This has 
led to speculation that an impaired venous drainage 
may have caused the dilatation of capillary channels. 
However, the identification of the above-mentioned 
genetic defects focused the research more on the 
molecular level. 

Finally, the pathologic descriptions of all cryptic 
vascular malformations have been and still are con- 
fusing. Mixtures of two and more vascular malfor- 
mations within the same histologic specimen have 
been identified by a couple of authors (Awad et al. 
1993; Chang et al. 1997; Herata et al. 1986). Wilson 
(1992) reported on 73 cryptic vascular malformations 
and classified them into cavernous angiomas, cryptic 
vascular malformations with arterial components, 
or cryptic or thrombosed arteriovenous malforma- 
tions (AVMs). In addition, 40% of all cryptic vascular 
malformations were characterized as thrombosed 
AVMs. From a radiological point of view, true AVMs 
have an extremely low tendency towards spontaneous 
thrombosis, so this entity should be a rare finding. 
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In summary, there are many conflicting reports and 
interpretations in the literature regarding pathological 
classiflcation of these “cryptic malformations.” It is my 
opinion that classiflcation of vascular malformations 
in the majority of patients should be done on the basis 
of radiological findings. Pathologists usually receive 
incomplete fragments of tissue, do not know anything 
about the flow within the lesion, and mostly do not 
have any correlation to radiologic findings. This is the 
major reason for the inconsistency that characterizes 
pathologic reports of cryptic malformations. 

2.1.2 

Clinical Presentation 

There is no reliable study giving us an exact idea of 
the incidence and prevalence of CA; nevertheless, to 
get a substantial feeling about the available data: The 
prevalence has been estimated on the basis of autopsy 
or MR imaging to be 0.5%-0.7% (Del Curling et al. 
1991; Robinson et al. 1991). The incidence of caver- 
nomas has been estimated to be in the range between 
0.4% and 0.9%; cavernomas account for 8%-15% of 
all intracranial vascular malformations (Porter et 
al. 1999; McCormick and Naeeziger 1966; Del 
Curling et al. 1991; Kim et al. 1997). Over the last 
two decades, incidence data have been confirmed by 
MRI-based retrospective studies (Robinson et al. 
1991; DelCurling et al. 1991). There is no male or 
female preponderance and up to 25% of all CA are 
found in the pediatric population. 

Multiple cavernomas occur in up to 90% of 
familial cases and in around 25% of sporadic cases 
(Clatterbuck et al.2000; Labauge et al. 2000). There- 
fore, whenever you see a single cavernoma on the MR 
scan of a patient, make sure that this is the only one! 

On average, 20% of cavernomas occur in the 
posterior fossa and 80% are seen supratentorially. 
However, the range given for brain-stem cavernomas 
is 9% to 35% (Porter et al. 1999; Kupersmith et 
al. 2001). Spinal cord and extra-axial cavernomas 
are relatively rare and account for around 5% of all 
lesions (Clatterbuck et al. 2000). 

The average size of cavernomas is between 15 and 
19 mm (Kim et al. 1997; Robinson et al. 1991). How- 
ever, only 10% of lesions remain stable over time: 35% 
increase and 55% decrease during a mean follow-up 
of 2 years (Clatterbuck et al. 2000). This dynamic 
behavior is on the one hand related to recurrent 
bleedings and resorption of blood products, while on 
the other hand related to dynamic osmotic changes 
(Zabramski et al. 1994). 



Patients with cavernomas present with a variety of 
symptoms. Seizures are reported as the most common 
symptom, accounting for 38%-55% of patient 
complaints (Del Curling et al. 1991; Robinson 
et al. 1991; Simard et al. 1986; Brunereau et al.2000). 
Other symptoms include focal neurologic deficits in 
12%-45% of patients, recurrent hemorrhage in 4%- 
32%, and chronic headaches in 5%-52%. Brain-stem 
cavernomas nearly never cause seizures! Most of 
these patients do have typical brain-stem symptoms 
like diplopia, face or body sensory disturbances, or 
ataxia. Without imaging, this subgroup of patients 
with intratentorially located cavernomas can closely 
mimic the clinical picture of multiple sclerosis. 

The majority of patients become symptomatic 
between the third and fifth decades, and there is 
no definite association between symptoms and 
gender. The frequency of asymptomatic cavernomas 
is not precisely known, but due to the reports of 
Zabramski et al. (1994) and Brunereau et al. (2000) 
it seems to be around 40% ! 

Hemorrhage 

The central clinical problem in patients with caver- 
nomas is the question of hemorrhage! On first view, 
this should be a simple question with a simple answer. 
However, both assumptions are wrong. The problem 
starts with the definition of a hemorrhage and ends 
with pretty individual answers for each patient. 

On the one hand, hemorrhage can be defined clini- 
cally: First or sudden onset of new neurologic symp- 
toms in a patient with a cavernoma are usually related 
to a new or first hemorrhagic event. But looking into 
the literature, you will And an amazing number of dif- 
ferent descriptions and terms to describe cavernoma- 
related hemorrhages: overt hemorrhage, symptomatic 
hemorrhage, gross hemorrhage, microhemorrhage, 
intralesional or perilesional ooze or diapedesis, clini- 
cally significant hemorrhage, subclinical hemorrhage, 
and others (Aiba et al. 1995; Kondziolka et al. 1995b; 
Robinson et al. 1991; Karlsson et al. 1998). The 
reason for this variety of descriptions is that, some- 
times, clinical events alone were used to define hemor- 
rhage and in other studies different imaging modali- 
ties (mainly MR) had a major impact on the definition 
of hemorrhage. In Sect. 2.1.3, we recommend using the 
established Zabramski classiflcation scheme in order 
to allow comparison of different patient groups and 
studies. However, the problem in defining a hemor- 
rhage is a major reason for the still ongoing debate 
about the risk of hemorrhage and bleeding rates in 
patients with cavernomas. 



18 



W. Kiiker and M. Forsting 



Most estimations assume that cavernomas are 
present from birth and risk of hemorrhage and 
bleeding rates are mainly based on that assumption. 
In 1991, Del Curling et al.and Robinson et al.were 
the first to calculate the annual hemorrhage rate and 
figured out that it is between 0.25% and 0.7% per 
patient and per year. Aiba et al. (1995) analyzed their 
group on the basis of the initial finding: If bleeding 
was the initial symptom, the annualized hemorrhage 
rate was 22.9%; if seizures were the first symptom, 
the bleeding rate was calculated with 0.39% per 
patient and year. Kondziolka et al. (1995b) also 
stratified their patient group into those who had 
previously experienced a hemorrhage and those who 
had not. Patients with one previous hemorrhage had 
an annual 4.5% risk of hemorrhage, whereas those 
without a previous hemorrhage had a 0.6% annual 
risk. An analysis of the symptomatic bleeding risk in 
untreated patients who had experienced two or more 
hemorrhages found the rate to be approximately 30% 
per year (Kondziolka et al. 1995a). Other authors, 
usually not differentiating between initial symptoms, 
published hemorrhage rates of between 1.1% and 
3.1% (Zambramski et al. 1994; Moriarity et al. 
1999). Porter et al. reported in 1999 that brain-stem 
cavernomas might have a significant increased risk 
of hemorrhage and calculated it with 5% per person 
and year. In contrast, Kupersmith and coworkers 
found a bleeding rate of 2.46% in brain-stem cav- 
ernomas. However, the rebleeding rate - and this 
is quite well supported by other data - seems to be 
beyond 5% in brain-stem cavernomas. All studies 
suggest that the occurrence of a rebleeding is an 
indication of a higher bleeding probability of a given 
cavernoma. The risk of a symptomatic rebleed at least 
doubles in comparison to asymptomatic cavernomas 
(Kupersmith et al. 2001). These findings clearly 
should have an impact on therapeutic decisions. 
The bleeding incidence is higher in patients with the 
inherited form of cavernomatosis - not for a single 
given cavernoma, however, but in terms of patient 
years (Labauge et al. 2000). 

Patients younger than 35 years of age experienced 
more bleeding episodes and the same was true for 
those with cavernomas of at least 10 mm. A number 
of studies addressed the increased bleeding risk 
among women (Robinson et al. 1991; Aiba et al. 
1995; Moriarity et al. 1999); the majority of studies, 
however, did not find any gender difference in bleed- 
ing risks. 

The main problem in all these studies is a substan- 
tial selection bias and the definition of hemorrhage. 
Another, but probably more important aspect for 



patients when discussing bleeding risks is the clinical 
significance of hemorrhage and the probability of a 
good recovery. The probability of a fatal hemorrhage 
is pretty low and many patients do show a complete 
or nearly complete recovery after the initial bleeding. 
In general, bleeding rates given by surgical groups 
tend to be higher than those observed by others. 

Finally, with regard to the risk of a cavernoma 
for the patient, the majority of data in the literature 
calculate an annual risk of 0.5%-l% (which is much 
lower than in true AVMs) and a low risk of fatal 
hemorrhage (Moran et al. 1999). In the majority of 
patients, particularly those over 35 years of age, suf- 
fering from a single cavernoma below 10 mm of size 
and with seizures as the initial symptom, a wait-and- 
see strategy seems to be reasonable. In patients pre- 
senting with an initial hemorrhage, the repeat hem- 
orrhage risk seems to be much higher, particularly if 
more than one bleeding event has already occurred. 

Seizures 

As mentioned above, the majority of patients with 
cavernomas present with seizures as the initial symp- 
tom (Moran et al. 1999). It is important to know that 
in the vast majority of patients these seizures are not 
related to acute bleeding events, but to hemosiderin 
deposition adjacent to neurons. Hemosiderin or fer- 
ritin is a well-known epileptogenic agent (at least 
in animal experiments). Being aware of the relation 
between seizures and hemosiderin deposition is of 
particular importance if surgical removal of the cav- 
ernoma is considered due to conservative not treat- 
able seizures. It is of utmost importance not only to 
remove those parts of the cavernoma with blood flow, 
but also to remove the hemosiderin ring around the 
cavernoma within the adjacent brain tissue. This part 
of the malformation is responsible for the seizure. 

Headache 

Headache is a frequent reason for submitting a 
patient to any imaging modality. Therefore, there 
are always discussions whether an incidental find- 
ing like an arachnoid cyst, a small meningioma or 
- more relevant for this chapter - a cavernoma might 
be the cause of the patient’s headache. However, the 
first and most important question is: What type of 
headache does the patient have? If this is a clini- 
cally typical migraine, a typical tension headache, or 
any other easy- to- define type, the headache is usu- 
ally not related to the cavernoma. In our personal 
experience, there are some patients, suffering from 



Cavernomas and Capillary Telangiectasias 



19 



recurrent attacks of a severe, subarachnoid hemor- 
rhage (S AH) -like headache with cavernomas at the 
surface of the brain. And these cavernomas clearly 
have contact to the subarachnoid space and micro- 
bleeds might indeed cause headache attacks like in a 
SAH (warning-leak headache). 

Focal Neurologic Deficits 

Focal neurologic deficits like transient speech arrests, 
sensomotoric deficits, ataxia, visual disturbances, or 
eye movement disorders are nearly always related 
to the location of the cavernoma and hemorrhages. 
There are no steal mechanisms in cavernomas (this 
is different in real AVMs), nor are there any venous 
overload problems. 

2.1.3 

Diagnostic Imaging 

Due to the slow blood fiow, cavernomas are angio- 
graphically occult vascular malformations. If the 
lesion has hemorrhaged, an avascular area with 
moderate mass effect can sometimes be identified. 
Occasionally - in less than 10% of cases - a faint blush 
on the late capillary or early venous phase of high 
resolution angiograms can be seen (Savoiardo et al. 
1983). Angiography is rarely necessary in typical cav- 



ernomas. If associated with a DVA, presurgical digital 
subtraction angiography (DSA) may be indicated to 
analyze the venous drainage pattern. The same is true 
for those cavernomas that do not have the typical MR 
appearance. In some of these, DSA can increase the 
diagnostic confidence. 

On CT, and even more so on MRI imaging, fea- 
tures are more or less pathognomonic. Whereas large 
cavernous hemangiomas can be visible on CT, small 
lesions are only visible on MRI. 

The CT appearance of a cavernoma depends on the 
amount of internal thrombosis, hemorrhage, and cal- 
cification. Examples are shown in Figs. 2.1, 2.4a, 2.7a, 
2.8a, 2.10a, 2.12a, 2.13a,b. The lesions appear hyper- 
dense compared to the adjacent brain parenchyma, 
but can have variable attenuation values. Because the 
density of blood on CT depends on clot formation, 
the attenuation of a thrombosed cavernoma changes 
with time. Calcifications do not change that much, 
however, cavernomas tend to calcify only partially 
(Figs. 2.12a,b, 2.13a,b). In patients with a recent 
hemorrhage, the cavernoma may be suspected on 
CT mainly by taking into account the site of hemor- 
rhage and the patient’s history, thus excluding other 
typical causes for intracerebral bleeding. Differential 
diagnosis must cover calcified brain tumor, mainly 
oligodendroglioma, which have a high tendency of 
intratumoral bleeding. Contrast enhancement can 
be observed on CT, but usually requires a substantial 



Fig. 2.2. CT of a typical, partially calcified 
cavernoma adjacent to the left ventricle. 
The missing mass effect (no compression of 
the ventricle, normal width of the external 
cerebrospinal-fluid space) is a striking argu- 
ment against a true tumor (like oligodendro- 
glioma) 
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Fig. 2.3. T1 -weighted magnetic resonance scan of a typical 
brain-stem cavernoma, bulging into the 4th ventricle 

delay between contrast agent injection and scanning. 
But even with a standardized 10- to 15-min delay 
between contrast agent injection and scanning, the 
enhancement of a cavernoma varies from nonexis- 
tent or minimal to striking! 

The imaging modality of choice is MRI. Typically, 
cavernomas have a popcorn-like appearance with a 
well-delineated complex reticulated core of mixed 
signal intensities representing hemorrhage in differ- 
ent stages of evolution and/or different velocities of 
blood flow. Typical is a low signal hemosiderin rim, 
which completely surrounds the lesion (Figs. 2.3, 
2.4b, 2.5, 2.6, 2.11). The dark signal “blooms” on 
T2 -weighted images, and is best visible on gradient- 
echo T2’*^-weighted studies (Brunereau et al. 2000). 
Brunereau and colleagues studied the sensitivity 
of T2-weighted MR versus gradient-echo (GRE) 
sequences in patients with the familial form of caver- 
nomas. The mean number of lesions detected on spin- 
echo (SE) images versus the mean number detected 



Fig. 2.4. CT (a) and sagittal Tl-weighted magnetic resonance 
(MR) scan (b) of another brain-stem cavernoma. Due to its 
calcification, it is easy to see even on the CT scan. The MR 
nicely reveals the typical cavernoma pattern with the dark rim 
of hemosiderin. Note that the acute hemorrhage occurred at 
the dorsal aspect of the cavernoma and now facilitates easy 
surgical removal, c A view through the microscope while 
removing the cavernoma. Note the typical mulberry aspect 
of the malformation 
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Fig. 2.5a, b. T2-weighted (a) 
and Tl-weighted (b) magnetic 
resonance scan of a typical 
cavernoma. Note that the 
dark rim of hemosiderin is 
much more visible on the T2- 
weighted images. The typical 
mixed popcorn pattern is 
pathognomonic and there is 
no doubt about the diagnosis, 
even without pathological 
confirmation 





Fig. 2.6a, b. T2-weighted 
images of a patient who pre- 
sented with recurrent attacks 
of severe headache. The refer- 
ring clinician thought the 
patient had suffered from a 
subarachnoid hemorrhage. 
Magnetic resonance imag- 
ing revealed two mirror-like 
cavernomas, both located 
at the surface of the brain. 
The headache attacks were 
probably caused by repetitive 
microbleeds into the sub- 
arachnoid space and stopped 
after removal of the malfor- 
mations 





on GRE images was significantly different (7.2 versus 
20.2 in symptomatic subjects). Owing to the blood 
stagnation phenomenon, or to true chronic microhe- 
morrhages, cavernous angiomas contain deoxyhemo- 
globin or hemosiderin, which generate susceptibility 
effects and cause a decrease in signal intensity. This 
loss of signal intensity is much better demonstrated 
with 72“*^ -weighted GRE sequences (Fig. 2.9). This 
sequence should be part of the imaging protocol in all 
patients with a positive family history of cavernoma, 
all patients with a suspicion of focal or generalized 
seizures, and in all patients with venous angiomas 
(there is a significant coincidence between occurrence 
of venous angiomas and cavernoma). 

However, turbo spin-echo sequences using a long 
echo train, i.e. aU FLAIR sequences, are very insensi- 



tive to this susceptibility effect. Furthermore, as shown 
in Figs. 2.11 and 2.12, even large lesions may not have 
a visible hemosiderin ring, if there were no relevant 
associated bleeding episodes (Figs. 2.11 and 2.12). 

Even though T2* sequences are most sensitive 
for the hemosiderin ring, one should know the 
imaging characteristics in the remaining standard 
sequences. On Tl-weighted images, the core of the 
cavernoma can be hyperintense or slightly hypoin- 
tense compared to normal brain tissue, depending 
on the velocity of blood flow and different stages of 
thrombus degradation. The high signal within a cav- 
ernoma on Tl-weighted sequences can cause consid- 
erable confusion if the lesion is adjacent to an artery. 
Time-of-fiight MRA sequences are usually heavily 
Tl-weighted. Therefore, a cavernoma can mimic an 






Fig. 2.7a-f. Giant, partially exophytic brain-stem cavernoma, a Computed tomography at the time of admission with a hyper- 
dense lesion at the pontomedullary junction. MRI was performed at 1.5 T. b Transverse T2-weighted turbo spin-echo image at 
the level of the internal auditory canal. Most of the exophytic lesion is hyperintense, the dorsal part also has hypointense areas. 
The edema of the adjacent brain parenchyma is probably pressure-related. No blood can be seen within the brainstem itself, 
c T2*-weighted image at the same level. The marked hypointensity within the lesion represents blood degradation products, 
d T1 -weighted image before contrast agent administration. The lesion is hypointense compared to brain tissue, e At 5 min after 
injection of gadolinium (0.1 mmol/kg), there is enhancement in some small areas of the mass lesion, f At 60 min after contrast 
injection, the lesion shows an extensive enhancement (pooling) 
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aneurysm on these images (Fig. 2.8). Most of the 
clinically used DWI sequences are T2’*^-weighted and, 
thus, should detect cavernomas with an increased 
sensitivity (Fig. 2.11). 

In 1994, Zabramski and co-workers suggested 
establishing an MR classification of cavernomas, 
which in part could overcome the confusing individ- 
ualized descriptions of cavernomas in the literature 
and the problem of defining hemorrhages (Table 2.1). 
The problem of this classification is the type-4 lesion. 
The pathologic definition of this type is totally 
unclear and for us it is questionable whether these 
lesions really represent capillary telangiectasias. 
Brunereau et al. (2000) found a close relationship 
between type-4 lesions and the familial form of 
cavernous angiomas. Nevertheless, despite these dis- 
advantages, it does make sense to use an MR-based 
classification to describe a cavernoma and, thus, give 
somebody in the future the opportunity to compare 
the results of different authors. 

Contrast enhancement has not been described as 
a characteristic feature of cavernomas of the CNS in 
the CT era. Because of the improved contrast resolu- 
tion of MRI (compared to CT), contrast enhance- 
ment is much more visible. However, MRI does not 
overcome the problem created by the slow blood 
exchange between the normal blood and the dilated 
cavernous vessels. Specifically with fast Tl-weighted 
sequences it is necessary to delay the interval between 



contrast agent injection and the start of the scanning 
procedure. However, contrast injection is usually not 
necessary (T2 and T2*^ are diagnostic in the majority 
of patients). 

Whereas a typical cavernoma can usually be iden- 
tified using MRI, it may be problematic to identify it 
within an acute hematoma. Our recommendation is: 
If there is suspicion of an underlying cavernoma in 
an acute intracerebral hemorrhage (ICH), MR should 
be performed as early as possible. If the early MR 
reveals any hemosiderin, former bleeding episodes 
are evident and the probability of an underlying cav- 
ernoma is high (Fig. 2.10). 

If MR is performed as a presurgical planning pro- 
cedure, it is of the utmost importance to scan with 
thin slices in order to demonstrate the relationship 
of the cavernoma to the surface of the brain. Particu- 
larly in brain stem cavernomas, this relationship is 
crucial for balancing the risk of the disease against 
the risk of therapy. 

2.1.4 

Therapy 

Treatment options in cavernomas depend mainly on 
the natural course of the lesion, as well as its location 
and surgical accessibility. The latter depends on the 
skill of the surgeon and the position of the lesion 



Table 2.1. Magnetic resonance (MR) imaging classification of cavernous angioma 
(Zabramski et al. 1994) 



Classification and 
MR sequence 


MR imaging features 


Histopathologic features 


Type I 


Tl-weighted SE 


Hyperintense core 


Subacute hemorrhage 


T2-weighted SE 


Hyper- or hypointense core 


Suhacute hemorrhage 


Type 2 


Tl-weighted SE 


Reticulated mixed core signal 


Lesions with hemorrhages 
and thromboses of different age 


T2-weighted SE 


Mixed core, dark rim 




Type 3 


Tl-weighted SE 


Iso- or hypointense 


Chronic hemorrhage with 
hemosiderin staining in 
and around lesion 


T2-weighted SE 


Hypointense lesion 
with dark rim 




Type 4 


Tl-weighted SE 


Not visible 


Tiny lesion or telangiectasia 


T2-weighted SE 


Not visible 


Tiny lesion or telangiectasia 


GRE images 


Punctate hypointense lesion 


Tiny lesion or telangiectasia 



SE, spin echo; GRE, gradient echo 
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Fig. 2.8a-f. Cavernoma mimicking an arterial aneurysm on magnetic resonance angiography (MRA). a The non-enhanced 
computed tomography (CT) scan reveals a hyperdense lesion in the straight gyrus adjacent to the optic nerve and right anterior 
cerebral artery, b Tl-weighted MR image without contrast enhancement reveals a hyperintense and well circumscribed lesion. 
There was no contrast enhancement after injection of gadolinium (not shown), c Axial T2-weighted image reveals a dark lesion 
with an extensive hypointense area. This dark area represents hemosiderin deposition resulting from old hemorrhage. Note 
that the hemosiderin is within the white matter, but not on the surface of the brain. There is no communication between the 
anterior cerebral arteries in the interhemispheric fissure and the lesion in the straight gyrus, d Coronal T2-weighted image 
also demonstrates the hemosiderin deposition within the white matter and not on the surface of the brain, e This maximum- 
intensity projection of a time-of-flight MRA shows a structure adjacent to the anterior cerebral arteries. This is due to the high 
T1 signal of the cavernoma, indistinguishable from the flow signal in a Tl-weighted FISP-MRA sequence. This phenomenon 
can be misinterpreted as an aneurysm, f Intraarterial digital subtraction angiography to rule out an aneurysm. The wall of the 
anterior cerebral artery is smooth and without any hint of an aneurysm, patent or thrombosed 



relative to eloquent areas of the brain. In general, 
therapeutic strategies include; 

• Observation of patients with asymptomatic or 
inaccessible lesions 

• Surgical excision of symptomatic and accessible 
lesions 

• Radiosurgery for progressively symptomatic but 
surgically inaccessible lesions. 

Patients presenting without gross hemorrhage, 
seizures, or other specific symptoms are clearly candi- 
dates for clinical observation. For us, it is questionable 
whether this patient group does need repeat imaging, 
if the clinical condition remains unchanged. 

Surgical resection is recommended for caverno- 
mas presenting with symptomatic (or repeat symp- 
tomatic) hemorrhage and located in an accessible 
and noneloquent area of the brain. 



If the lesion is surgically inaccessible or does 
not present with bleeding episodes, the treatment 
options are less clear. In a recently published review 
(Moran et al. 1999), the results after surgical removal 
of cavernomas causing seizures were analyzed. After 
removal of the cavernoma, 84% of the patients were 
seizure-free and 8% were improved. A total of 6% of 
the patients did not have any change of their status, 
and in only 2% of patients was there deterioration. 
In cases of medically intractable seizures in which 
surgery is technically feasible and the seizures can be 
localized to the region of the cavernoma, surgery is a 
reasonable option. However, in nonintractable cases, 
it is unclear whether early surgery is advantageous. 
It is plausible that a longer duration of epilepsy may 
prejudice the outcome of any surgery ultimately per- 
formed. Kindling effects may play a role in increas- 
ing intractability and this may be a theoretical basis 




Fig. 2.9a, b. Multiple cavernomas. T2’‘'-weighted gradient echo sequence. There are multiple cavernomas in both cerebral hemi- 
spheres and the cerebellum. The T2* sequence is particularly sensitive to hemosiderin depositions indicative of cavernomas 
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Fig. 2.10a-e. Cavernoma with signs of recent hemorrhage 
in a 9-year-old chUd. a Computed tomography scan reveals 
a hyperdense lesion in the right occipital lohe with perifocal 
edema. The lesion has a heterogeneous density with a very 
dense core and reduced attenuation values at the peripheral 
zone, b T2*-weighted gradient-echo image displays the lesion 
as a dark spot, c The T2-weighted turbo spin-echo image 
shows a dark center with a bright rim of edema, d This flow- 
sensitive gradient-echo sequence demonstrates a bright core 
with a pseudocapsule. A maximum-intensity projection of this 
sequence will display arterial vessels and the bright hemor- 
rhage, giving rise to a misinterpretation of the cavernoma as 
an aneurysm, e T1 -weighted spin-echo image shows the cav- 
ernoma core with surrounding subacute hemorrhage located 
in the cuneus adjacent to the calcarine fissure 
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for early surgery. However, there are no data on this 
problem in the literature. 

The main indication for surgical removal of a 
cavernoma is prevention of hemorrhage. Therefore, 
many surgical groups recommend surgical removal 
of a cavernoma if it is located in a noneloquent brain 
area and easily accessible. However, as mentioned 
above, it is quite difficult to predict the natural 
course of an individual cavernoma and, therefore, 
it is impossible to balance the individual bleeding 
risk of the individual patient against the morbid- 
ity and mortality of a surgical procedure. It seems 
to be more appropriate to limit surgical excision to 
those patients with at least one hemorrhagic epi- 
sode - based on clinical and imaging findings and 
never alone on MR - or those with intractable sei- 
zures. Brain-stem cavernomas are clearly a specific 
subgroup. Over the years, neurosurgical techniques 
and knowledge about different approaches to the 
brain stem increased, enabling the excision of many 
lesions without significant morbidity and mortality. 
The necessity for removal of brain-stem cavernomas 
is mainly based on some reports suggesting that the 
bleeding rates in brain-stem cavernomas is signifi- 
cantly higher than in those located supratentorially 
(Porter et al. 1999). In contrast, Kupersmith rec- 
ommended a more conservative approach, because 
he found that brain-stem cavernomas do not have a 
relevant elevated risk of hemorrhage. Finally, there is 
no definite answer to the question of how to handle 
brain-stem cavernomas! In experienced hands, it 
seems to be reasonable to remove them, but it is also 
not a mistake to wait and just observe the patient. 

Recently, Hasegawa and colleagues (2002) 
reported their results after stereotactic radiosur- 
gery of cavernomas. The authors found that before 
radiosurgery, the annual rehemorrhage rate was 
33.9%, whereas after radiosurgery, the rehemorrhage 
rates were 12.3% for the first 2 years and 0.76% for 
years 2-12 after radiosurgery. More than 50% of the 
cavernomas decreased in size after radiosurgery. 
The theory behind this therapeutic option is that 
radiosurgery even in cavernomas leads to progres- 
sive hyalinization with thickening of the endothe- 
lium-lined vessels and eventual closure of the lumen. 
These results seem striking and lead the authors to 
conclude that radiosurgery offers a dramatic reduc- 
tion in the risk of rehemorrhage in high-risk patients. 
Treatment morbidity was 13%. The major drawback 
of this study, however, is that there is no control group 
and therefore it was not possible to perform a true 
risk-to-benefit analysis. Nevertheless: if the lesion is 
really not surgically removable and the patient is at 



high risk of rehemorrhage (more than two previous 
bleeding episodes), radiosurgery can be a treatment 
option. Radiosurgery is clearly not an established 
therapeutic option and should not be used instead of 
surgery in surgically accessible lesions. 

To optimize therapeutic approaches to CNS caver- 
nomas, a randomized multicenter trial dedicated to 
different therapeutic options would be necessary. 



2.2 

Capillary Telangiectasia 
2.2.1 

Pathology 

Capillary telangiectasias are a distinct category of 
cerebral vascular malformations, consisting of local- 
ized collections of multiple thin-walled vascular 
channels interposed between normal brain paren- 
chyma. They were first described in 1959 (Russell 
and Rubinstein 1989) and are characterized by 
small capillaries with a maximum diameter of 30 pm. 
In contrast to cavernomas, brain parenchyma is 
located between the dilated vessels. There is still 
some disagreement in literature as to whether the 
vessels of a capillary telangiectasia have a normal 
wall (Ferszt 1989) or not (Okazaki 1989). Growth 
and bleeding have not been observed so far, however, 
hemosiderin may be seen rarely in the surrounding 
tissue (Kuker et al. 2000). 

The true incidence of capillary malformations 
or telangiectasias of the brain is difficult to discern 
because the vast majority are obviously clinically 
asymptomatic. Estimates from autopsy series sug- 
gest they are not uncommon, representing approxi- 
mately 16%-20% of all CNS vascular malformations 
(Chaloupka and Huddle 1998). Capillary telangi- 
ectasias, although known to occur throughout the 
brain and spine, are most frequently found within the 
striate pons and are the most frequent incidental vas- 
cular malformation of the pons at autopsy (Russell 
and Rubinstein 1959; McCormick et al. 1968). 
Other locations are the basal ganglia, where they usu- 
ally cause confusion because of their enhancement 
and the lack of mass effect (Castillo et al. 2001). 

Several authors found an association with caverno- 
mas in their patients (Kuker et al. 2000), or suggested 
that both vascular abnormalities have a common 
origin (Rigamonti et al. 1991). However, in contrast 
to cavernomas, the occurrence of capillary telangi- 
ectasia seems to be mainly sporadic. No hereditary 
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Fig.2.11a-f. Synoptical pre- 
sentation of a cavernoma in 
standard magnetic resonance 
sequences at 1.5 T. a T2- 
weighted FLAIR sequence. 
There has been no scientific 
evaluation of FLAIR for caver- 
nomas to date. In our experi- 
ence, a hyperintense center is 
well depicted; however, due to 
the long echo train lengths, the 
hemosiderin wall is usually 
not well depicted, b In Tl- 
weighted spin-echo sequences 
the cavernoma may have the 
same signal intensity as the 
adjacent brain parenchyma. 

In particular, small caverno- 
mas can easily be missed, c 
T2*-weighted gradient echo 
sequences are the gold standard 
for cavernoma depiction, due to 
the susceptibility effect of the 
hemosiderin rim. Because the 
hemosiderin rim may be much 
larger than the cavernoma core, 
gradient-echo images should 
always be applied in doubtful 
cases and to look for additional 
cavernomas, d Diffusion- 
weighted echo planar imag- 
ing (EPI) sequence. Diffusion 
imaging is not routinely used 
for the evaluation of caverno- 
mas. However, these sequences 
are mostly T2’*' -weighted and 
the contrast should be like 
in the T2’‘'-weighted non-EPI 
gradient echo images. Due 
to the matrix size, the spatial 
resolution of DWI is usually 
lower, e T2-weighted turbo 
spin-echo image. The bright 
core is well depicted as is the 
dark rim, less apparent in the 
FLAIR sequence [compare to 
(a)]. A problem may arise, if 
the cavernoma is close to the 
cerebrospinal-fluid space, f 
T1 -weighted image after con- 
trast administration (0.1 mmol 
Gd-DTPA/kg). Even on this 
scan performed 10 min after 
contrast injection, there is very 
Httle contrast enhancement 
visible. Higher doses or delayed 
scanning for the demonstration 
of “pooling” may be necessary 
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Fig. 2.12a-f. Supratentorial 
giant cavernoma as an inci- 
dental finding, a Computer 
tomography scan without 
intravenous contrast. The 
large, hyperdense lesion in 
the white matter adjacent to 
the lateral ventricle is not 
surrounded by edema, nor is 
there any blood in the ventri- 
cle itself, b In this window set- 
ting, calcified areas of the wall 
and parts of the inner struc- 
tures are clearly visible, c The 
T2-weighted FLAIR sequence 
shows a dark mass lesion 
protruding into the ventricle. 
There is no perifocal edema, 
d Tl-weighted spin-echo 
sequence without contrast 
reveals the lesion as hyper- 
intense. e T2-weighted image 
in the coronal plain reveals a 
mostly hypointense, sharply 
demarcated lesion in the right 
cingulate gyrus, protruding 
into the interhemispheric 
fissure. There is no dark rim, 
edema, or any other signs of 
recent or older extralesional 
hemorrhage, f The cavernoma 
is mostly hyperintense on 
this Tl-weighted image after 
contrast administration (Gd- 
DTPA 0.1 mmol/kg). Contrast 
enhancement could not be 
demonstrated 
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Fig.2.13a-n. Familial cavernomatosis: a,b Computed tomography (CT) scans at different levels. Multiple lesions of high density 
are visible in the cerebral parenchyma. The lesions are of inhomogeneous density. There is no perifocal edema, c, d The T2’''- 
weighted gradient-echo sequence (FLASH) clearly shows the large cavernomas, mostly hypointense with bright foci. However, 
there are many more dark areas in both hemispheres which were not visible on the CT scan. These lesions are also cavernomas. 

The T2’*'-gradlent-echo sequence is most sensitive to susceptibility effects of hemosiderin deposits and therefore a screening |>|> 





Cavernomas and Capillary Telangiectasias 



31 




sequence for small cavernomas. It should always be added to the imaging protocol, e, f T1 -weighted spin-echo images. Caver- 
nomas are of inhomogeneous signal intensity. There are some areas of high signal intensity in this sequence, but large parts of 
the cavernomas are isointense to the adjacent brain. The small cavernomas are not visible with this sequence, g, h T2-weighted 
turbo spin-echo sequence. The large cavernomas are mainly hyperlntense with a small dark rim due to hemosiderin deposits. 
The small lesions, which were clearly visible in the T2*-weighted images, are not apparent on these slices. There is no perifocal 

edema. This sequence demonstrates the relation to the brain surface. The cortex 
over the cavernoma is slightly displaced and contains hemosiderin. Therefore, the 
location of the cavernoma will be visible intraoperatlvely. i, j Tl-weighted spin-echo 
image 3 min after administration of gadolinium (0.1 mmol/kg). The increase in 
signal intensity is very subtle compared to the images prior to contrast injection. 
The enhancement is inhomogeneous, k T2-weighted turbo spin-echo image in a 
coronal view. Large cavernomas are visible in the basal ganglia on both sides with 
an inhomogeneous signal pattern. There is a peripheral zone of hypointensity due 
to hemosiderin. The absence of a perifocal edema is a hint at recent enlargement 
or bleeding. The displacement of adjacent structures is small for the size of the 
lesions. 1 Tl-weighted image 15 min after administration of contrast. The signal 
appears higher than in (i) and (j). m This T2-weighted coronal view shows a large 
cavernoma in the basal ganglia with moderate mass effect and slight compression 
of the internal capsule. The patient had no neurological symptoms, n Tl-weighted 
image 15 min after administration of contrast. The lesion also displays a delayed 
enhancement of a typical pattern. The cavernoma extends from the brain surface 
in the Sylvian fissure to the lateral ventricle 
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Fig. 2.14a-c. Combination of brainstem cavernoma and capillary telangiectasia, a 
This Tl-weighted transverse image after contrast administration at the level of the 
upper pons shows a cavernoma {open arrow) and transparenchymal venous vessels 
(arrowhead), belonging to a capillary telangiectasia, b This midline sagittal T1 image 
after contrast injection shows the venous tributary of the capillary telangiectasia, a 
typical sign of capillary malformations, c This T1 image slightly off the midline dem- 
onstrates the draining veins of the capillary telangiectasia (arrowhead), as well as a 
second cavernoma (open arrow) 



forms have been reported and no underlying genetic 
abnormality were identified in this specific form of 
vascular abnormality. However, genetic defects may 
be responsible for the occurrence of cerebral venous 
malformations in general (Korpelainen et al. 1999; 
ViKKULA et al. 1996). 

It has been suggested that they have a common 
origin with cavernous hemangiomas (Rigamonti et 
al. 1991; Awad et al. 1993). Therefore, hemorrhagic 
complications may be due to associated cavernomas 
and not to bleeding of the capillary telangiectasia. 
However, in some large groups of cavernomas, no asso- 
ciation with capillary telangiectasias has been reported 
(Mull et al. 1995). It remains undetermined to date 
whether capillary telangiectasias change with time or 
are developmental abnormalities, i.e., small DVA. 

The rarity of in vivo histologic verification indi- 
cates that the benign clinical behavior and the critical 
anatomic localization of brain-stem capillary telangi- 
ectasias do not allow stereotactic biopsy on a regular 
basis. The earlier case reports depended on histologic 
examinations of cadaver specimens. 

Hereditary hemorrhagic telangiectasia (Rendu- 
Osler disease) is not associated with cerebral capil- 
lary telangiectasia, but with other forms of cerebral 
vascular malformations (Maher et al. 2001), mainly 
true pial arteriovenous malformations, dural arterio- 
venous malformations, and, rarely, cavernomas. 



2.2.2 

Clinical Presentation 

Capillary telangiectasias are vascular malformations 
of unknown origin and unknown clinical signifi- 
cance (Rigamonti et al. 1991; Awad et al. 1993). In 
vivo diagnosis is only possible with MRI because 
these lesions are so small that they are undetectable 
by either angiography or CT (Barr et al. 1996). Fur- 
thermore, slow blood fiow may also contribute to the 
lack of angiographic opacification. 

Most capillary telangiectasia are incidental find- 
ings on examinations performed for other reasons 
than brain-stem symptoms. In general, the clinical 
manifestations related to capillary malformations are 
variable, although typically they are regarded as qui- 
escent lesions occasionally presenting with headaches, 
confusion, weakness, dizziness, visual changes, vertigo, 
tinnitus, or seizures (Barr et al. 1996; Lee et al. 1997). 

However, there is evidence of a possible symptom- 
atic subgroup of capillary telangiectasia (Huddle et 
al. 1999; Scaglione et al. 2001). One of our patients 
(Fig. 2.9) also presented with symptoms attributable 
to a vascular malformation of the brain-stem, which 
best fits into the category of capillary telangiectasia. 
Whereas the patients reported by Scaglione et al. 
(2001) had only minor complaints with disputable 
cause due to the capillary telangiectasia, the patient 





Fig. 2.15a-g. Symptomatic vascular lesion of the brainstem, presumably aggressive 
capillary telangiectasia, a This T2-weighted image in the sagittal plain shows a hyper- 
intense lesion of the medulla oblongata from the pons to the foramen magnum. The 
brainstem is not expanded or otherwise altered, b This Tl-weighted image in the 
sagittal plain after injection of contrast agent (Gd-DTPA 0.1 mmol/kg) shows a small 
vessel in the middle of the medulla oblongata. There is a faint, diffuse enhancement of 
the brain parenchyma in the medulla, corresponding to the signal abnormality in the 
T2 image, c This sagittal T1 image after contrast injection slightly beyond the midline 
shows small vessels in the border zone of the brainstem lesion, d Tl-weighted image 
of the medulla oblongata before contrast injection. The image appears normal, e In 
the same position, there is diffuse enhancement of the medulla and a small vessel 
can be seen near to the dorsal surface of the brainstem, f This Tl-weighted transverse 
slice in a more caudal position shows a blood vessel in the cerebrospinal-fluid space 
on the right of the medulla. The absence of a flow void suggests a draining vein. How- 
ever, the vertebral arteries are also hyperintense, g This T2*-weighted image shows 
a hypointense lesion in the medulla, predominately on the right. An arteriovenous 
malformation was ruled out by intraarterial angiography and the lesion was stable 
on follow-up magnetic resonance imaging 
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reported by Huddle et al. ( 1 999 ) had severe neurologic 
symptoms and died presumably due to the ensuing 
brain-stem dysfunction. Both severely symptomatic 
patients showed an extensive T2 signal abnormality 
of the affected parts of the brain stem. Furthermore, 
for us there is an association of tinnitus and pontine 
capillary telangiectasia. Many of our tinnitus patients 
had a long history of doctor- hopping and were at least 
once in their life considered to be mentally ill. 

This is in contrast to most other cases, who are 
asymptomatic or have very little symptoms. Further 
observations will be necessary to establish whether 
there is in fact a severely symptomatic, aggressive 
subform of capillary telangiectasia. 

Up to now, there has been no pertinent hypoth- 
esis for a possible pathomechanism for the ensuing 
symptoms. 

2.2.3 

Diagnostic Imaging 

The number of observations of presumed brain-stem 
capillary telangiectasias is limited. There are only two 
reports of MRI features in a larger group of patients 
(Barr et al. 1996; Lee et al. 1997). These 30 cases 
seem to have very similar imaging findings. With two 
exceptions, all were located in the brain stem with a 
predominance of the mid pons. 

MRI is the imaging modality of choice for the 
evaluation of brain-stem lesions in general (Kuker et 
al. 2000), but is the only tool capillary telangiectasias 
can be visualized with during life. 

Capillary telangiectasia are usually first discov- 
ered on Tl-weighted images after contrast injec- 
tion (Fig. 2.14). Depending on slice thickness and 
individual appearance, the characteristic picture is 
dominated by small radiating venous vessels, con- 
verging on a small collecting vein. In other patients, 
there is just a fluffy hyperintensity without apparent 
individual vessels. In these cases, the radiating vessels 
are so small that even thin section MRI is not able to 
discriminate between them. In such conditions, the 
vascular malformation appears as a homogenous, 
somewhat irregularly contoured lesion (Kuker et al. 
2000; Barr et al. 1996; Lee et al. 1997). 

In contrast to cavernous hemangiomas or other 
brain-stem lesions, the contrast enhancement of cap- 
illary telangiectasia is only of short duration. In typi- 
cal cases, it will not last longer than 20 min. Dynamic 
MRI, therefore, will reveal a fast signal increase and 
a substantial signal decrease after 20 min. In some 
patients, brain-stem metastasis might be a reason- 



able differential diagnosis. And, usually, metastatic 
disease accumulates contrast agent over time and will 
reach a peak enhancement somewhere between 15 
and 30 min following administration. Dynamic MRI 
is a nice tool to differentiate between both entities. 

A highly suggestive feature of a capillary telangi- 
ectasia is the presence of a larger, easily detectable 
draining vein (Kuker et al. 2000; Barr et al. 1996). 

Because capillary telangiectasias are usually dark 
on T2’^-weighted images, the use of GRE sequences 
for differential diagnosis has been strongly advocated 
(Fig. 2.15). Lee et al. (1997) reported that most lesions 
in their series were not detectable on either the Tl- 
and T2- weighted images, but were consistently identi- 
fied as regions of pronounced loss of signal on the GRE 
images, which they considered essential for making the 
diagnosis. Macroscopic hemorrhage and calcifications 
are rare in capillary telangiectasia, suggesting that the 
finding on T2’*^-weighted images are probably related 
to the presence of deoxyhemoglobin in the slow-fiow- 
ing blood (Auffray-Galvier et al. 1999) 

A dark lesion on GRE images, which is not visible 
on conventional T2, is usually not a cavernoma, but 
a capillary malformation. Edema, gliosis, or signs of 
previous hemorrhage are usually absent. Follow-up 
images have never revealed any change in capillary 
malformations. 

Guriously, about two thirds of capillary telangiec- 
tasias show an enlarged vessel believed to represent a 
draining vein. This observation has led some authors 
to consider the concept of “transitional malforma- 
tions” (Rigamonti et al. 1991). 

Angiography is not required for diagnostic work- 
up in typical cases. 

The exact nature of pontine lesions classified as 
capillary malformations will remain speculative in 
the vast majority of patients. Aside from vascular mal- 
formations, the differential diagnosis of an enhancing 
pontine lesion might include neoplasm, demyelinating 
disease, infection, infarction, or, rarely, central pontine 
myelinolysis. The absence of mass effect or significant 
T2 prolongation, however, argues strongly against each 
of these entities. In particular, the distinction from neo- 
plasm must be reinforced to avoid unnecessary biopsy 
in these patients. A relatively common misinterpreta- 
tion is that of a pontine glioma; and again: capillary 
malformations do not exhibit a mass effect and do not 
change over time! In addition: Decreased signal on GRE 
images is not a typical feature of pontine gliomas. 

Although thought to be typical of the brain stem 
(Figs. 2.16 and 2.17), close scrutiny of high quality MR 
images discloses similar abnormalities in other loca- 
tions as well. Gapillary telangiectasias may be located 
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Fig. 2.16a-f. Asymptomatic capillary 
telangiectasia of the pons with normal 
T2 appearance, a This transverse, 
thin-section T2 image of the pons 
is normal, b The T1 image of the 
brain stem in the coronal view before 
administration of contrast agent 
shows an abnormal vessel in the pons 
on the left, but is otherwise normal, 
c T1 -weighted image in the coronal 
plain. After contrast administration 
(Gd-DTPA 0.1 mmol/kg), there is a 
diffuse enhancement in the pons, 
more pronounced on the left and 
in the center, d The T1 image in the 
sagittal plain after contrast injection 
shows the typical aspect of a large 
capillary telangiectasia, e Transverse 
T1 -weighted image after contrast 
injection. Even in this 3-mm slice, 
the tiny vessels can not be separated, 
f Apart from a more homogenous 
enhancing area, there is a small vessel 
displaying flow void on the left border 
of the pons 
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Fig. 2.17a-f. Asymptomatic pontine capillary telangiectasia with T2-signal abnormality, a Sagittal T2-weighted image. There is 
a abnormal structure in the pons with a tree-like appearance, b The thin-section, T2-weighted turbo spin-echo image shows 
a signal abnormality on the left side of the pons, c The lesion is also apparent on this T2-weighted FLAIR image, d The Tl- 
weighted image before contrast injection is normal, e After administration of contrast agent (Gd-DTPA, 0.1 mmol/kg), there is 
an enhancing lesion in the brain stem, corresponding to the area of abnormal T2 signal, f The T1 image in the coronal plain 
also shows the typical capillary telangiectasia 



in the cerebral hemispheres and in the basal ganglia. 
This should always be kept in mind prior to embarking 
on surgery or biopsy (Castillo et al. 2001). 

Because of its benign clinical course and the lack 
of therapeutic options, invasive diagnostic proce- 
dures like biopsy or angiography must be avoided. 
However, it is still unclear whether these patients are 
at increased risk for hemorrhage or the development 
of cavernous angiomas (Barr et al. 1996). 



2.2.4 

Therapy 

No therapy is available, nor is it usually required. 
It is not even established practice to perform any 
follow-up imaging (unless you want to confirm the 
diagnosis). If the diagnosis seems to be established, 
there is no need for further follow-up. 
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3.1 

Introduction 

Arteriovenous malformations of the brain (brain 
AVMs) correspond to congenital cerebrovascular 
anomalies, also known as intracerebral or pial AVMs. 
First of all, it is important to stress the fact that this 
is not a neoplastic lesion and therefore not an “angi- 
oma”, which is obviously an inappropriate though 
commonly used term (Rosenblum et al. 1996). 

Clinically, brain AVMs are an increasingly rec- 
ognized cause of death and long-term morbidity, 
mostly due to intracranial hemorrhage and epilepsy; 
however, they may remain silent over a long period 
of time, even over an entire life. Anatomically speak- 
ing, they are constituted by a complex, tangled web 
of afferent arteries and draining veins linked by an 
abnormal intervening capillary bed - the so-called 
nidus - which may or not harbor direct arteriove- 
nous shunts (Challa et al. 1995; Rosenblum et al. 
1996; The Arteriovenous Malformation Study 
Group 1999), of which two categories must be rec- 
ognized; AV malformations (AVMs) and AV fistulas 
(AVFs) (Lasjaunias and Berenstein 1993a). 

• AVMs are composed of a network of channels 
interposed between feeding arteries and draining 
veins, without any direct shunt. Two different ana- 
tomic types of nidus may be more or less differ- 
entiated: compact nidus, constituting a tumor-like 
well- circumscribed network, and diffuse nidus, 
with sparse, abnormal AV channels spread within 
normal brain parenchyma (Chin et al. 1992). 

• AVFs are formed by direct communication 
between an enlarged artery and vein without 
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interposed nidus. Lack of a capillary bed in the 
AVM nidus results in direct arteriovenous com- 
munication, which may be unique or multiple 
(Staff and Mohr 2000). AVFs are much more 
rare than AVMs (2%, Lasjaunias and Beren- 
STEiN 1993a) and are always located on the brain 
surface. They may be present within an AVM 
nidus as a direct AV shunt surrounded by the 
network of arteriovenous channels. 

AVMs may be situated in any region of the brain, 
lying mostly within the distribution of the middle 
cerebral arteries and involving the hemispheric 
convexities in continuity with the adjacent lepto- 
meninges; however, they can be restricted to the dura 
or choroid plexus. They vary in size from cryptic 
lesions, which remain invisible even on angiographic 
studies and are discovered on anatomic studies of 
surgically removed hematomas, to giant AVMs, which 
can involve a whole hemisphere. 

Feeding arteries may be one or numerous. They 
may be very enlarged or present an almost normal 
diameter. High flow may produce either (a) saccular 
aneurysm formation, located at the level of the circle 
of Willis or the feeding arteries or within the nidus 
(CuNHA E Sa et al. 1992; Ogilvy et al. 2001; Lasjau- 
nias et al. 1988; Meisel et al. 2000; Redekop et al. 
1998; Thompson et al. 1998; Turjman et al. 1994), or 
(b) high-flow angiopathy with progressive stenosis 
and eventual occlusion of feeding arteries (Mawad 
et al. 1984). 

Draining veins as well may be one or numerous, 
deep or cortical. Direct shunting of blood at arte- 
rial pressure causes dilatation and tortuosity in the 
involved veins. High flow may also produce localized 
stenosis, frequently at the level where the veins cross 
the dura to reach the sinus (Mansmann et al. 2000; 
Miyasaka et al. 1992) and secondary venous aneu- 
rysmal dilatation (Nataf et al. 1997). 



3.2 

Pathology 

3.2.1 

Epidemiology 

There is very little information in the literature 
about the prevalence of AVMs, i.e., the proportion 
of a population living with the diagnosis of AVM at 
a single point in time. Because of the rarity of the 
disease and the existence of asymptomatic patients. 



establishing a true prevalence rate is difficult and 
probably not feasible (Staff et al. 2000). Consider- 
ing unselected populations, Al-Shahi and Warlow 
(2001) found a prevalence of AVMs in a retrospective 
study in a region of Scotland of 15 per 100,000 living 
adults over 16 years of age. In this series, prevalence 
is obviously underestimated, since it does not con- 
sider asymptomatic AVMs. Only large post-mortem 
studies in the general population could give a more 
accurate estimation of the prevalence of both symp- 
tomatic and clinically silent AVM. However, such a 
series does not exist. Only few hospital-based post- 
mortem studies are available, in which the prevalence 
of AVMs was found to be between 400 and 600 per 
100,000 (Al-Shahi and Warlow 2001; Berman et 
al. 2000; Jellinger 1986). This huge discrepancy 
is obviously due to the fact that the prevalence in 
living subjects is underestimated, first because of the 
lack of diagnosed cases being filed in a registry in 
retrospective studies, and second because the entire 
group of nonsymptomatic AVMs are not included in 
the counting because they are not detected. Berman 
et al. (2000) have provided a very interesting paper 
in which they reviewed all of the relevant original 
literature. They conclude that “the estimates for 
AVM prevalence that are published in the medical 
literature are unfounded”. For these authors, the most 
reliable estimate for the occurrence of the disease is 
the detection rate for symptomatic lesions: 0.94 per 
100,000 persons per year. 

Incidence corresponds to the proportion of a 
population newly diagnosed with an AVM. Popu- 
lation-based incidence data are also very difficult 
to evaluate; only two population-based studies of 
AVM incidence are available (Brown et al. 1996a; 
Jessurun et al. 1993), and both are retrospective. 
Over a 10-year-period (between 1980 and 1990) in 
the Netherlands Antilles, the annual incidence of 
symptomatic AVMs was 1.1 per 100,000 per year 
(Jessurun et al. 1993). 

In a second study, using the comprehensive Mayo 
Clinic medical records linkage system over a 27-year 
period from 1965 to 1972 in Olmsted County (USA), 
the incidence of symptomatic AVMs was 1.84 per 
100,000 per year (Brown et al. 1996). Interestingly, 
the incidence rate increased over time, probably due 
to the use of more advanced brain imaging modali- 
ties. Obviously, a prospective study would give a more 
accurate estimate of AVM incidence and a better 
description of the population affected by the disease, 
but such a study is currently lacking. 

Where other demographic characteristics of 
patients with brain AVMs are concerned, mean age at 
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diagnosis is between 30 and 40 years (Hofmeister et 
al. 2000; Jessurun et al. 1993, The arteriovenous 
MALFORMATION STUDY GROUP 1999) and it affects 
both sexes in nearly equal proportions (Hofmeister 
et al. 2000; The Arteriovenous Malformation 
Study Group 1999). 

Even though brain AVMs are considered to be a 
congenital disorder, nonsystematized familial AVMs 
are extremely rare and very few familial cases have 
been reported in the literature (Aberfeld and 
Rao 1981; Herzig et al. 2000; Kamiryo et al. 2000; 
Yokoyama et al. 1991). No genetic predisposition 
was found and the occurrence of brain AVMs in 
two members of the same family could be purely 
accidental. 

Autopsy data showed that only 12% of AVMs 
become symptomatic during life (The Arterio- 
venous Malformation Study Group 1999), 
and intracranial hemorrhage is the most common 
clinical presentation (Al-Shahi and Warlow 2001; 
Hofmeister et al. 2000; The Arteriovenous Mal- 
formation Study Group 1999). 

AVMs typically present as solitary lesions. Mul- 
tiple brain AVMs occur in approximately 0.3%-3.2% 
of all cases. Surprisingly enough, Willinsky et al. 
(1990) reported 11 cases of multiple AVMs among 
203 patients (6%). Although multiple AVMs may 
occur spontaneously, they are frequently associated 
with cutaneous or extracranial vascular anomalies 
(Salcman et al. 1992), such as Rendu-Osler-Weber 
disease and Wyburn-Mason syndrome. However, 
the clinical mode of presentation, age and sex of the 
patient, and anatomic distribution of the lesions are 
the same as those in patients with single arteriove- 
nous malformations: 

Rendu-Osler- Weber disease - also known as hered- 
itary hemorrhagic telangiectasia (HHT) - is a rare 
autosomal dominant angiodysplastic disorder with a 
prevalence estimated at between 2 and 40 per 100,000 
people (Guttmacher et al. 1995). Rendu-Osler- 
Weber disease is characterized by multisystemic 
vascular dysplasia and recurrent hemorrhage of the 
nose, skin, lung, brain, and gastrointestinal tract. It 
includes: (a) multiple capillary telangiectasias of the 
skin and mucosa, and (b) arteriovenous malforma- 
tions and fistulas located in the liver (30% of the 
cases) (Ralls et al. 1992), the lungs (15 to 20%), the 
brain (28%) or the spine (8%). Epistaxis is the most 
frequent symptom, present in 85% of the patients 
(Guttmacher et al. 1995; Porteous et al. 1992). 

The prevalence of brain AVMs in patients present- 
ing with Rendu-Osler-Weber disease is estimated to be 
between 4% and 13% (Porteous et al. 1992; Roman 



et al. 1978; Willinsky et al. 1990). They have no 
specific characteristics, especially regarding location 
and angioarchitecture. However, multiple AVMs in 
this syndrome are more frequent than in the general 
population, with a frequency estimated at around 30% 
(Aesch et al. 1991; Hasegawa et al. 1999; Jellinger 
1986; Jessurun et al. 1993; Matsubara et al. 2000; 
Putman et al. 1996; Roman et al. 1978; Sobel and 
Norman 1984; Willemse et al. 2000; Willinsky et 
al. 1990). A recent study of 196 patients with Rendu- 
Osler-Weber disease (Willemse et al. 2000) showed 
that 12% had a brain AVM, and 96% of these were low 
grade (Spetzler-Martin grade I or II). The risk of bleed- 
ing has been estimated to be lower than in non-Rendu- 
Osler- Weber disease brain AVMs, ranging from 0.4 to 
0.72 per year (Kjeldsen et al. 1999). For some families, 
linkage has been established to a mutated gene located 
on chromosome 9q, which induces abnormality in 
endoglin, a transforming growth factor beta-binding 
protein expressed on endothelial cells (Cheifetz et 
al. 1992; McAllister et al. 1994, Shovlin et al. 1997); 
other linkage studies have established another locus 
at chromosome 12q, resulting in a mutation in the 
activin receptor-like kinase gene (“ALK-1” gene), also 
predominantly expressed on endothelial cells and also 
related to the same TGF-b receptor system (Berg et al. 
1997; Johnson et al. 1996). 

The very rare Bonnet-Blanc-Dechaume syndrome 
- also called Wyburn-Mason syndrome, neuroretinal 
angiomatosis, or mesencephalo-oculo-facial angio- 
matosis - corresponds to the association of unilateral 
retinal angiomatosis and a cutaneous hemangioma 
in an ipsilateral trigeminal distribution with an AVM 
located in the midbrain (Patel and Gupta 1990; 
Rosenblum et al. 1996; Willinsky et al. 1990). In the 
25 cases reported byTHERON et al. (1974), the lesions 
involved the optic nerve, then followed the optic 
track as a unique continuous nidus or as multiple 
focal AVMs. 



3.2.2 

Pathology, Genetics, and Hemodynamics 

3.2.2.1 

Pathology 

In macroscopic pathology, brain AVMs are composed 
of (a) clustered and abnormally muscularized feeding 
arteries, which may also show changes such as dupli- 
cation or destruction of the elastica, fibrosis of the 
media, and focal thinning of the wall; (b) arterialized 
veins of varying size and wall thickness; (c) struc- 
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turally ambiguous vessels formed, solely of fibrous 
tissue or displaying both arterial and venous char- 
acteristics; and (d) intervening gliotic neural paren- 
chyma (Jellinger 1986; Mandybur and Nazek 
1990; McCormick 1966; Rosenblum et al. 1996) 
(Fig. 3.1). They anastomose with normal cerebral ves- 
sels. Critical to the distinction of the true brain AVM 
from normal leptomeningeal vessels that may assume 
the appearance of a malformation in neurosurgical 
material as a result of artifactual compaction are the 
former’s conspicuous mural anomalies. Chief among 
these are striking fluctuations in medial thickness, 
architectural disarray, or focal disappearance of the 
media altogether, or its separation into inner and 
outer coats by a seemingly aberrant elastic lamina. 
Numerous abnormalities of the muscular layer were 
identified, including partially developed media, two 
layers of the media separated by a well-formed 
internal elastic membrane, total or partial disarray 
of the muscle coat, and partial absence of the media 
(Mandybur and Nazek 1990). Previously described 
large capillaries proved to be postcapillary venules 
by virtue of having a distinct muscular layer. Man- 
dybur et al. performed serial sectioning, indicating 
that the previously described “polypoid projections” 
of the media are mostly artifacts, and the concept 
of “arterialization of veins in arteriovenous malfor- 
mations” could not be substantiated (Mandybur 
and Nazek 1990; Rosenblum et al. 1996). 

Ultrastructural pathological features of brain 
AVMs were also studied but consist only in the disor- 
ganization of collagen bundles within nidal vessels’ 
walls (Wong et al. 2000). 




Fig. 3.1. Macroscopic view of a surgically resected brain AVM 
depicts enlarged feeding arteries and draining veins with 
arteriovenous shunts. Normal brain surrounds the AVM with 
partially necrosed areas. (Courtesy of Pr. Mikol, Neuropathol- 
ogy Department, Lariboisiere, Paris, France) 



Embolization results in endothelial cell disruption 
with preservation of the underlying sub endothelial 
vessel wall (Wong et al. 2000). Lesions subjected to 
embolization with bucrylate or polyvinyl alcohol 
(Germano et al. 1992; Vinters et al. 1986) exhibit 
a foreign-body response and may undergo focal 
necrosis. Entrapped neuropil usually manifests dense 
astrogliosis, neuronal depopulation, and ferruginous 
encrustation of included neuroglial elements. Within 
interstices of AVM, oligodendroglioma-like regions 
may be encountered that may be intrinsic to the 
underlying misdevelopment process or the result of 
abnormal oligodendroglial aggregation caused by 
the ischemic contraction of entrapped white matter 
(Lombardi et al. 1991; Nazek et al. 1988; Rosen- 
blum et al. 1996). 

3.2.2.2 
Genetics 

The majority of AVMs are believed to be congenital, 
although it is possible that some lesions are acquired. 
Thus, even though they are developmental anomalies, 
it is likely that a combination of congenital predispo- 
sition and extrinsic factors lead to their generation 
(Challa et al. 1995; Chaloupka et al. 1998). The vast 
majority of cases are sporadic, in which no familial 
association is observed, and no specific gene muta- 
tions have been reported for these AVMs. 

Although familial brain AVMs are rare, elective 
screening of individuals with a family history of 
AVM is recommended (Aberfeld and Rao 1981; 
Amin-Hanjani et al. 1998). An exception is the rare 
setting of Rendu-Osler-Weber disease, mapped to 
the endoglin gene on chromosome 9q, or the activin 
receptor-like kinase gene on chromosome 12q, both 
expressed on endothelial cells and related to the TGF- 
beta receptor system. It is presumed that the genetic 
defects in this disease result in a signaling-pathway 
abnormality, potentially affecting vascular assembly 
and remodeling. It is not yet known why abnormal 
vascular morphology is limited to focal AVM lesions 
and whether more common sporadic AVMs also 
refiect similar mechanisms of dysmorphogenesis 
(Hademenos et al. 2001). 

3.2.2.3 

Hemodynamics 

The velocity of blood flow is considerably higher 
through AVMs than through normal brain paren- 
chyma. As a result of the abnormal hemodynamic 
condition, feeding arteries and draining veins become 



Pial Arteriovenous Malformations 



43 



progressively dilated and tortuous. The hemodynamic 
effects of shunt flowthrough an AVM on the surround- 
ing brain have been implicated in the pathogenesis of 
pretreatment neurological deficits. In fact, AVMs could 
be compared to vascular “sponges”, which consume 
large volumes of blood, depriving the brain of normal 
circulation (Barnett 1987; Duckwiler et al. 1990; 
JuNGREis et al. 1989; Spetzler et al. 1992; Young et 
al. 1994b). A decrease in the perfusion pressure may 
place these neighboring vascular territories below the 
lower limit of autoregulation by a combination of 
arterial hypotension and venous hypertension. Focal 
neurological deficits have been attributed to this phe- 
nomenon of “cerebral steal” (Fink 1992; Manchola et 
al. 1993; Marks et al. 1991; Nornes and Grip 1980); its 
reported clinical frequency varies widely but is prob- 
ably much lower than was previously thought (Mast 
et al. 1995). Moreover, in the same prospective series. 
Mast et al. demonstrated that there was no relation 
between feeding artery pressure or flow velocity and 
the occurrence of focal neurological deficit. 

3.2.3 

Physiopathology and Biology 

The pathogenesis of brain AVMs is currently 
unknown, but recent work suggests that their gen- 
esis and development may be linked to aberrant 
vasculogenesis or angiogenesis (Shalaby et al. 
1995). Indeed, in embryos, vascular morphogenesis 
is a two-stage process: The first stage - vasculogenesis 
- corresponds to the differentiation of angioblasts 
into endothelial cells to form the primary vascular 
plexus. During the second stage - angiogenesis - this 
primary vascular plexus undergoes remodeling and 
organization including recruitment of periendothe- 
lial cell support (Hashimoto et al. 2001). In both 
processes, blood vessels are established and remod- 
eled by protein ligands that bind and modulate the 
activity of transmembrane receptor tyrosine kinases. 
Recent studies have clarified two main systems of 
angiogenesis growth factor and the endothelial cell- 
specific protein tyrosine kinase (Hanahan 1997). 
The high-affinity binding receptors of the vascular 
endothelial growth factor (VEGF-Rl and VEGF-R2) 
appear to mediate various facets of endothelial cell 
proliferation, migration, adhesion, and tube forma- 
tion (Uranishi et al. 2001). A recently discovered 
group of cytokines, the angiopoietins 1 and 2, and 
their receptors Tie-1 and Tie-2, play an important 
role at later stages of vascular development (Sato 
et al. 1995). 



More precisely, when VEGF binds to VEGF-R2 
during embryogenesis, endothelial cells are cre- 
ated and caused to proliferate. When VEGF binds 
to VEGF-Rl, endothelial cells interact and capillary 
tubes are formed (Fong et al. 1995; Shalaby et al. 
1995). When angiopoietin-1 binds to Tie-2, perien- 
dothelial support cells are recruited and caused to 
associate with endothelial cells (Patan 1998). When 
angiopoietin-2 binds to Tie-2, kinase activation in 
endothelial cells is blocked and vessel structures 
become loosened. 

Experimental embryos that are deficient in Tie-2 
produce the formation of abnormal enlarged vessels 
without intervening normal capillaries (Sato et al. 
1995), and these abnormal vessels resemble human 
brain AVMs. Embryos that are deficient in Tie-1 fail 
to establish the structural integrity of vascular endo- 
thelial cells, resulting in vascular leakage, edema, and 
breakthrough hemorrhage. Targeted disruption of 
angiopoietin-1 in the embryo is lethal, and associated 
vascular defects resemble those in the tie-2-deflcient 
model. Angiopoietin-2 has been shown to be a natu- 
rally occurring antagonist for angiopoietin-1 and 
Tie-1. Transgenic overexpression of angiopoietin-2 
disrupts blood vessel formation in the mouse embryo 
(Maisonpierre et al. 1997). 

Interestingly, it has been proven that endothelial 
cell expression of VEGF-R and angiopoietin recep- 
tors in endothelial cells is significantly higher in 
patients with surgically resected brain AVMs than 
in controls (Hashimoto 2001; Uranishi et al. 2001). 
The significant up-regulation of VEGF and Tie in 
AVMs may indicate some ongoing angiogenesis, 
possibly contributing to the slow growth and main- 
tenance of the AVM, and could be of potential use in 
the therapeutic targeting of these lesions. 

However, it is currently difficult to attribute 
abnormal VEGF-R expression to specific pathophysi- 
ological features of AVMs. It is likely that biological 
alterations reflect not only the specific mechanisms 
that triggered lesion genesis but also subsequent 
nonspecific changes attributable to flow hemorrhage, 
and other injury responses. 



3.3 

Clinical Presentation 

The most frequent clinical presentations of brain 
AVMs are hemorrhage, seizure, chronic headache, 
and focal deficits not related to hemorrhage (Mast 
et al. 1995). 
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3.3.1 

Natural History 

Brain AVMs are lesions that are not affected by impor- 
tant anatomic modifications over time. However, as 
was outlined by Berenstein et al. (1992), AVMs are 
dynamic, i.e., they undergo continuous subtle anatomic 
and hemodynamic changes. A cerebral AVM becomes 
clinically evident when the host’s capacity to effectively 
compensate has reached its threshold. Cerebral AVMs 
are often symptomatic in young adults, typically before 
the age of 40 (Hofmeister et al. 2000). 

From an anatomic point of view, the natural his- 
tory of brain AVMs may rarely include enlargement, 
decrease, or regression (Minakawa et al. 1989; Chen 
et al. 1991; Krapf et al. 2001). Surprisingly, in a small 
series of 20 patients followed up by angiography for 
periods of 5-28 years, Minakawa observed an increase 
in size of the AVM in four patients, a decrease in four, 
and total regression in four. Enlargement of brain 
AVMs is observed in young patients (under 30 years of 
age), and especially in childhood (Krayenbuhl 1977; 
Mendelow et al. 1987; Minakawa et al. 1989). 

Spontaneous obliteration of cerebral AVMs is rare; 
only 50 cases have been reported in the literature. Fac- 
tors predisposing an AVM to regression by thrombosis 
are those that affect the venous hemodynamic state of 
the AVM: anatomy of the AVM, surgical manipulation 
of the lesion, compression of the AVM by surround- 
ing mass lesions (Chen et al. 1991). Most often, the 
thrombosis of the AVM nidus will occur secondary to 
an intracerebral or subarachnoid hemorrhage. In this 
case, the mass effect of the blood clot may alter the 
dynamic of the AVM and decrease blood fiow, prob- 
ably by compression of draining veins to the extent 
that thrombosis may occur. Surgical intervention, 
including evacuation of a blood clot or placement of 
a shunt, has been associated with regression of AVMs 
explained by compression of the veins from bleeding 
or swelling. Spontaneous regression may also occur 
(Krapf et al. 2001). Several factors appear to be asso- 
ciated with spontaneous occlusion of cerebral AVM: 
single draining vein (84% of cases of spontaneous 
occlusion), solitary arterial feeder (30%), small size of 
the nidus (<3 cm in 50%) (Krapf et al. 2001). 

3.3.2 

Intracranial Hemorrhage 

Intracranial hemorrhage is the most common clini- 
cal presentation of brain AVM, with a frequency of 
between 30% and 82% (Mast et al. 1995). Identifi- 



cation of factors increasing the risk of bleeding of 
a brain AVM is very important with regard to the 
treatment strategy. However, two difficulties are 
encountered in an analysis of the literature: 

- There is a lack of consistency in the terminology 
used to describe clinical and radiographic features 
of brain AVMs. Recently, the Joint Writing Group of 
the Technology Assessment Committee, American 
Society of Interventional and Therapeutic Neurora- 
diology, Joint Section on Cerebrovascular Neurosur- 
gery, Section of Stroke and Section of Interventional 
Neurology of the American Academy of Neurology 
(Ogilvy et al. 2001) proposed a uniform terminol- 
ogy for clinical and radiographic description of 
brain AVMs. 

- The identification of factors affecting the bleeding 
risk of brain AVMs is difficult, because anatomic 
and hemodynamic factors are often not indepen- 
dent, and a precise analysis has to be performed 
(Mansmann et al. 2000). 

3.3.2. 7 

Factors Increasing the Risk of Bleeding 

Several factors may increase the risk of a first hemor- 
rhage in case of brain AVM: 

Anatomic Factors 

Many factors have been studied to evaluate their 
infiuence on the bleeding rate of brain AVMs (Marks 
et al. 1990; Houdart et al. 1993; Spetzler et al. 1992; 
Kader et al. 1994; Turjman et al. 1995a; Pollock et 
al. 1996a; Nataf et al. 1997; Mansmann et al. 2000). 

Feeding Vessels 
Arterial Aneurysms 

The prevalence of arterial aneurysms is estimated at 
between 2.7% and 22.7%, with a mean of about 10%. 

Several classifications of arterial aneurysms associ- 
ated with brain AVMs have been proposed. According 
to Houdart et al.(1993), three groups of aneurysms 
associated with brain AVMs have to be defined accord- 
ing to their site: type I, proximally on a large artery; 
type II, distally on a large feeding artery; type III, intra- 
or juxtanidal. Cunha e Sa et al. (1992) have proposed 
another classification: type I, proximal on ipsilateral 
major artery feeding the AVM; type la, proximal on 
major artery related but contralateral to the AVM; 
type II, distal on superficial artery feeding the AVM; 
type III, proximal or distal on deep artery feeding the 
AVM; type IV, on artery unrelated to the AVM. In fact. 



Pial Arteriovenous Malformations 



45 



the most useful classification of aneurysms associated 
with brain AVMs is probably that proposed by the 
Joint Writing Group (Ogilvy et al. 2001). Aneurysms 
are categorized as fiow related, non-fiow related, nidal, 
proximal, and distal. Flow-related aneurysms are 
located on a pathway supplying the brain AVM shunt. 
Aneurysms are defined as saccular luminal dilatations 
of the parent feeding vessel. Nidal is defined as con- 
tiguous with the nidus. Proximal aneurysms would 
be located on the vessel or branch points of the circle 
of Willis or proximal to it. Distal refers to locations 
beyond the circle of Willis. A similar classification was 
recently used in a series dealing with brain AVMs asso- 
ciated with arterial aneurysms (Redekop et al. 1998). 
PiOTiN et al. (2001) also define proximal, distal, and 
intranidal aneurysms but do not distinguish between 
flow-related and non-fiow-related aneurysms. 

As outlined by Houdart et al.(1993), the depic- 
tion of intranidal aneurysms is difficult; it is often 
performed at the time of superselective angiography. 
Moreover, true arterial intranidal aneurysms have to 
be distinguished from pseudoaneurysms, which are 
at the point of rupture of the nidus or of the venous 
drainage. 

The significance of aneurysms associated with 
brain AVMs in the occurrence of bleeding is unclear. 
Pollock et al. (1996) find no association between 
proximal or nidal associated aneurysms and intra- 
cranial bleeding. The univariate and multivariate 
analysis performed by Mansmann et al. (2000) in 
a large series of patients revealed no association 
between aneurysms in the feeders or intranidal 
aneurysms and intracranial hemorrhage. In other 
series, arterial aneurysms and intranidal aneurysms 
are associated with a high prevalence of hemorrhage 
(Marks et al. 1990; Turjman et al. 1995; Thompson 
et al. 1998; Redekop et al. 1998; Piotin et al. 2001). 

In the series of Cunha e Sa et al. (1992) the site of 
rupture was the aneurysm in 46% of cases, the AVM 
in 33% of cases, and undetermined in 21% of cases. 
In other series (Batjer et al. 1986; Piotin et al. 2001), 
the source of hemorrhage in patients harboring brain 
AVMs and associated aneurysms was identified as an 
aneurysm in approximately 80% of cases. 

Thus, we can postulate with Berenstein et al. 
(1992) that intranidal aneurysms represent a weak- 
ness of the angioarchitecture and should influence 
treatment strategy. This is probably also true for 
other associated aneurysms. 

A higher percentage of multiple aneurysms has 
been reported in the population of patients with 
brain AVMs (Batjer et al. 1986; Brown et al. 1990; 
Cunha e Sa et al. 1992; Thompson et al. 1998), but 



this feature seems not to be associated with a higher 
risk of hemorrhage (Piotin et al.2001). 

Feeders from the External Carotid Artery 

Some brain AVMs are fed by branches of external 
carotid arteries, and the significance of this anatomic 
situation is uncertain. Is there an intradural compart- 
ment of the AVM? Or is there a vascularization of 
the nidus through arterial anastomosis coming from 
external branches? Whatever, it seems that the inci- 
dence of bleeding is not increased when the brain 
AVM is fed by branches of the external arteries. 

Others 

Turjman et al. (1995a) have shown an increased risk 
of bleeding in case of feeding by perforators and by 
the vertebrobasilar system. As outlined by Turjman, 
perforators are involved in the supply of deep AVMs, 
such as corpus callosum and basal ganglia AVMs, and 
it is difficult to evaluate which feature is the most 
important for determination of the bleeding risk. 

Regarding feeders coming from the vertebrobasi- 
lar system, the discussion is the same as for the loca- 
tion of AVMs (see below). 

Nidus 

Size 

A relationship between the size of an AVM and its 
tendency to rupture has been suggested. In the series 
of Graf et al. (1983), the risk of hemorrhage at 5 
years was 10% for large AVMs (>3.0 cm in diameter) 
and 52% for small AVMs (<3 cm in diameter). In the 
series of Spetzler et al. (1992), 82% of patients with 
small AVMs (less than 3 cm), 29% of patients with 
medium-sized AVMs (3-6 cm), and 12% of patients 
with large AVM (greater than 6 cm) presented with 
hemorrhage. The same relation between nidus size 
and bleeding was found by other authors (Itoyama 
et al. 1989; Kader et al. 1994; Duong et al. 1998). The 
multivariate analysis performed in the large series 
of patients studied by Mansmann et al. (2000) also 
identified AVM size of more than 3 cm as a factor 
negatively associated with intracranial hemorrhage. 

However, the absolute risk of spontaneous intra- 
cranial hemorrhage from small and large brain AVMs 
is still a matter of controversy. In the series of Craw- 
ford et al. (1986), 21% small and 18% large AVM 
rebled within 5 years. Small and large AVMs may have 
the same risk of bleeding. Large AVMs can more often 
present in other ways than hemorrhage (seizures, pro- 
gressive deficits, headache), and this may lead to an 



46 



C. Cognard et al. 



overestimation of the rate of bleeding of small AVMs. 
In this case, age at the time of presentation would 
be higher in the group of patients with hemorrhage 
than in the group without. However, age at the time 
of presentation is the same in both groups (Kader et 
al. 1994), supporting the idea that small AVMs have a 
higher risk of hemorrhage. Moreover, by measuring 
the feeding artery pressure intraoperatively, Spetzler 
et al. (1992) demonstrated that the pressure is higher 
in small brain AVMs, which could explain the higher 
rate of bleeding of small AVMs (see below). 

Hematoma size seems to be inversely related to the 
size of the AVM (Spetzler et al. 1992). 

Location 

The risk of bleeding of brain AVMs depending on 
their location has not been evaluated systematically. 
Some authors suggest that AVMs in deep locations, 
such as in the basal ganglia or in the periventricular 
or intraventricular space, have an increased risk of 
bleeding (Marks et al. 1990; Turjmann et al. 1995). 
WiLLiNSKi et al. (1988) concluded that hemorrhage 
is more likely to occur in deep lesions and poste- 
rior fossa AVMs. However, Crawford et al. (1986) 
showed that the depth of the AVM had no influence 
on the risk of hemorrhage. Moreover, the high preva- 
lence of hemorrhage in deep-seated AVMs identified 
in some series maybe partially explained by the fact 
that the patients are less likely to present with focal 
neurologic deficits or seizure disorders. 

The results published by Stapf et al. (2000) sug- 
gest that an arterial border zone location of brain 
AVMs is an independent determinant of lower risk of 
incident AVM hemorrhage. 

Angiogenesis 

This factor was defined as transdural anastomosis 
or secondarily acquired perilesional angiogenesis 
(Mansmann et al. 2000). When it is combined with 
arterial stenosis or dural venous stenosis, this factor 
may increase the risk of intracranial hemorrhage. 

Venous Drainage 
Deep Venous Drainage 

Deep venous drainage is associated with a higher 
risk of bleeding (Marks et al. 1990; Miyasaka et al. 
1992; Kader et al. 1994; Nataf et al. 1997; Duong et 
al. 1998). Superficial and deep venous drainage are 
different from an anatomic point of view. The veins 
of the central drainage have one final common path- 
way which is the vein of Galen and the straight sinus. 



On the other hand, superficial veins have more con- 
nections and may drain posteriorly via the superior 
sagittal sinus and anteriorly via the sylvian vein. The 
superficial venous system is probably more flexible in 
adaptation to the hemodynamic situation created by 
the presence of the AVM. 

Venous Stenosis 

The presence of a stenosis on the venous drainage of 
a brain AVM is associated with an increased risk of 
bleeding (Miyasaka et al. 1992; Nataf et al. 1997), 
probably due to proximal venous hypertension. 
This factor was also identified in the large series of 
patients analyzed by Mansmann et al. (2000), but 
venous stenosis was not statistically associated with 
intracranial hemorrhage for cortical AVMs. Venous 
dilatation was correlated to an increased risk of hem- 
orrhagic presentation in dural arteriovenous fistulas 
(Cognard et al. 1995). 

The suggested mechanisms for venous stenosis in 
AVMs are varied: endovascular proliferation in reac- 
tion to increased venous flow or pressure (Fry 1968), 
congenital extrinsic anatomic narrowing of the 
lumen as it traverses the dura mater or curves around 
bone (Crawford et al. 1986; Willinsky et al. 1988), 
kinking in ectatic veins (Nataf et al. 1997). 

Others 

The presence of a single draining vein maybe associ- 
ated with an increased risk of bleeding (Miyasaka et 
al. 1992; Pollock et al. 1996). 

Venous reflux into a sinus or a deep vein seems to 
be positively correlated with the risk of hemorrhage 
(Nataf et al. 1997), but this feature has seldom been 
studied. In contrast, venous recruitment seems to be 
protective against bleeding. 

Venous ectasia may be intra- or paranidal and the 
sign of a previous hemorrhage. Venous ectasia may 
also be remote from the nidus. The link between venous 
ectasia and bleeding is unclear (Nataf et al. 1997). 

Hemodynamic Factors 
Feeding Artery Pressures 

In a relatively small series of patients, Spetzler et al. 
(1992) evaluated the perfusion pressure of AVM arterial 
feeders. The difference between mean arterial blood 
pressure and the feeding artery pressure was higher 
in ruptured than in non-ruptured AVMs. Moreover, 
smaller AVMs had significantly higher feeding artery 
pressure than larger AVMs and were associated with 
larger hematomas. These results were partially con- 
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firmed by Kader et al. (1994), who found that patients 
presenting with hemorrhage had higher feeding artery 
pressure than patients in the nonhemorrhage group. 
The feeding artery pressure was only weakly related 
to the size of the lesion, but measurements were per- 
formed only in medium and large-sized AVMs. 

In a large series of patients, Duong et al. (1998) 
also found that feeding arterial pressure was posi- 
tively correlated with the occurrence of bleeding. 

In the study performed by Norbash et al. (1994), 
feeding arterial pressure was not statistically differ- 
ent in the hemorrhage and nonhemorrhage groups 
and was not related to the size. A non-statistically sig- 
nificant trend to decreasing feeding arterial pressures 
from AVMs having a central venous drainage to those 
having peripheral venous drainage was observed. 
Moreover, the feeding arterial pressure was lower 
when the feeding artery was longer, and the length of 
the feeding artery was also correlated to the type of 
venous drainage (deep or superficial). 

Draining Vein Pressures 

The draining vein pressure did not differ between 
patients with hemorrhage and those without (Kader 
et al. 1994). 

3 . 3 . 2.2 

Factors Decreasing the Risk of Bleeding 

Very few studies have evaluated anatomic factors 
decreasing the risk of bleeding of a brain AVM. Two 
factors were identified on the arterial side as having 
a protective effect against bleeding (Mansmann et 
al. 2000); 

• Arterial stenosis, which is defined as a reduction in 
arterial caliber and could be intrinsic (concentric 
narrowing by intraluminal protrusions related to 
high-fiow angiopathy) or extrinsic (bony, dural or 
venous compression) 

• Arterial angioectasia, which is defined as segmen- 
tal arterial capillary dilatation in the collateral 
system in the vicinity of the AVMs (with recruit- 
ment and enlargement of leptomeningeal and 
subependymal anastomoses) and hemodynamic 
enlargement of preexisting feeding arteries 

These two factors probably contribute to the 
decrease of the pressure inside the nidus. 

Arteriovenous fistulas, defined as large arterio- 
venous communications between the arterial and 
venous components of AVMs with high fiow veloc- 
ity and a visible shunting transition, seem to be also 



associated with a lower risk of bleeding (Mansmann 
et al. 2000). 

In summary, several factors have been identified 
which potentially modify the risk of bleeding of 
brain AVMs. However, there is clearly a general bias 
in many studies regarding the evaluation of bleeding 
rates. Indeed, some anatomic characteristics identi- 
fied as increasing the risk of bleeding are also related 
to a less frequent nonhemorrhagic presentation 
such as epilepsy or focal deficit, e.g., small size of the 
AVM, deep location, and deep venous drainage. If a 
group of brain AVMs can be only asymptomatic or 
hemorrhagic, then the percentage of bleeding in this 
group will be 100%, except if asymptomatic AVMs are 
detected for any reason by CT or MRI. 

3 . 3 . 2.3 

Annual Rate of Bleeding 

The natural history of brain AVMs has been studied in 
different series of untreated patients (Graf et al. 1983; 
Fults and Kelly 1984; Crawford et al. 1986; Brown et 
al. 1988; Itoyama et al. 1989; Ondra et al. 1990). There 
are a number of biases in these different studies: 

- Generally, studies were conducted at centers 
specialized in the treatment of cerebrovascular 
disorders, thus creating a recruitment bias. 

- The number of patients included in these series is 
usually small (50 to 343 patients). 

- In the majority of series, natural history was stud- 
ied in the group of patients managed nonsurgically, 
and this is a very important recruitment bias. 

- Most studies are retrospective. 

For all these reasons, we have to be careful with the 
data provided by these series. 

Graf et al. (1983) reported a series of 191 patients 
presenting with unruptured or ruptured AVMs. 
The average yearly risk of bleeding was estimated 
to be between 2% and 3%. Crawford et al. (1986) 
reported a series of 217 patients harboring AVMs 
who were managed without surgery with a mean 
follow-up period of 10.4 years. There was 42% risk of 
hemorrhage, 29% risk of death, 18% risk of epilepsy, 
and 27% risk of having a neurological handicap at 20 
years after diagnosis. 

Brown et al. (1988) reported a series of 168 
patients with unruptured AVMs followed for a mean 
period of 8.2 years. The mean risk of hemorrhage was 
estimated to 2.2% per year. The risk of death from 
rupture was 29%. 

The series of Ondra et al. (1990) included 166 
patients with a mean follow-up of 24 years (Ondra 
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et al. 1990). The annual rate of bleeding was 4% per 
year and the mortality was 1% per year. The com- 
bined rate of major morbidity and mortality was 
2.7% per year. Overall, the percentages are relatively 
close between the different series, with annual rates 
of bleeding between 2% and 4% (Jomin et al. 1993). 

The occurrence of a first hemorrhage seems to 
be associated with an increased risk of subsequent 
hemorrhage (Graf et al. 1983; Itoyama et al. 1989; 
Mast et al. 1997). In the series of Graf et al., patients 
with ruptured AVMs had a 6% risk of rebleeding in 
the first year after hemorrhage and 2% thereafter 
(Graf et al. 1983). Itoyama et al. found relatively 
similar results (Itoyama et al. 1989). The incidence 
of rebleeding after a first hemorrhage is 6.9% in the 
first year, 1.9% per year after 5 years and 0.9% after 
15 years. 

Pregnancy does not appear to significantly 
increase the likelihood of hemorrhage from an AVM 
(Finnerty et al. 1999). In a large retrospective study 
of 451 women (Horton et al. 1990), the hemor- 
rhage rate for pregnant and nonpregnant women 
of childbearing age with an unruptured AVM was 
respectively 0.035 per person-year and 0.032 per 
person-year. Women with an AVM have a 3.5% risk 
of hemorrhage during pregnancy. In this series, none 
of the hemorrhages occurred during labor, vaginal 
delivery, or cesarean section. Thus, the route of 
delivery should be based on obstetric considerations 
(Horton et al. 1990; Dias and Shekhar 1990). 

S.5.2.4 

Severity of the Hemorrhage 

On the basis of retrospective analysis, the rupture of 
brain AVMs is estimated to be less severe than that 
of intracranial aneurysms, with mortality between 
10% and 15% and an overall morbidity of less than 
50% (The Arteriovenous Maleormation Study 
Group 1999). Hemorrhages of brain AVMs are sub- 
arachnoidal (30%), parenchymal (23%), intraven- 
tricular (16%), and in combined locations in 31% of 
cases (Hartmann et al. 1998). Parenchymal hemor- 
rhages were most likely to result in a neurological 
deficit (52%). Overall, in the series of Hartmann et 
al. (1998), 47% of patients had a good outcome after 
the bleeding and an additional 37% of patients were 
independent in their daily life. 

In fact, as was shown by Hillman (2001), the 
rupture of an AVM is as devastating as that of an 
aneurysm. While aneurysm rupture is more lethal 
than AVM rupture (21% versus 9%), a good outcome 
is obtained less frequently in AVM than in aneurysm 



ruptures (49% versus 56%), due to the high incidence 
of parenchymal hematoma. 

3.3.3 

Epilepsy 

Seizures are the initial symptom in 16%-53% of 
patients, with a mean of 34% (Mast et al. 1995). In 
the majority of cases, seizures are partial or partial 
complex (Osipov et al. 1997). Grand mal seizures 
are encountered in 27%-35% of cases (Osipov et 
al. 1997). 

Cortical AVMs are more often associated with 
seizures (Turjman et al. 1995). In a large number 
of cases antiepileptic drugs provide good control of 
seizures (Osipov et al. 1997). 



3.3.4 

Headache 

Chronic headache is the initial symptom in 7%-48% 
(mean: 31%) of cases (Mast et al. 1995). The rela- 
tion between headache, migraine, and arteriovenous 
malformations is unclear. In a large review of the 
literature, Frishberg concluded that “while most 
patients with AVM who have headache have it on 
the side of the AVM, migraine patients with strictly 
unilateral location of headache are very unlikely to 
have an AVM” (Frishberg 1997). 

There is no feature such as frequency, duration, or 
severity suggesting the diagnosis of AVM (The AVM 
Study Group 1999). 



3.3.5 

Focal Neurologic Deficits 

Focal neurologic deficits without hemorrhage are 
the initial symptom in l%-40% of patients (Mast 
et al. 1995). In fact, this clinical presentation is prob- 
ably infrequent (The AVM Study Group 1999). As 
outlined by Mast et al. (1995), focal neurologic defi- 
cits encountered in patients harboring brain AVMs 
may be progressive, stable, or reversible. Reversible 
focal neurologic deficits are questionable regarding 
their mechanism, since a post-ictal etiology cannot 
be ruled out. The progression of neurologic deficit 
may have different explanations: steal phenomenon 
(Carter and Gumerlock 1995), venous hyperten- 
sion, or mass effect (Miyasaka et al. 1997). The 
relevance of the steal phenomenon is in fact very 
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difficult to demonstrate in patients presenting with 
progressive neurologic deficits (Mast et al. 1995). 
Indeed, positron emission tomography studies (Fink 
1992; Kaminaga et al. 1999) showed a decrease of 
cerebral blood flow in brain tissues surrounding 
AVMs, but without increase in parenchymal blood 
volume or modifications of glucose and oxygen 
extraction fractions. 

Mass effect is detected in a relatively high percent- 
age of nonhemorrhagic cases (44%, Miyasaka et al. 
1997). Cortical sulci obliteration and lateral ventricle 
displacement are frequently observed. Mass effect 
could be related to the size of the AVM itself or to 
the presence of large dilated venous sacs or ectatic 
veins. White-matter edema is rarely the cause of mass 
effect. 



3.4 

Diagnostic Imaging 

3.4.1 

Goals of Imaging 

Imaging has several roles and goals: 

1 To establish the diagnosis of brain AVM in various 
clinical situations 

2 To make a pretherapeutic evaluation of the AVM 
to help in decision-making 

3 To treat the AVM as a sole therapy or in associa- 
tion with surgery or radiosurgery 

4 To perform post-therapeutic evaluation 

3.4.2 

Imaging Modalities 

3.4.2.1 
CT Scan 

In patients with a sudden-onset of a neurological 
deficit, a CT scan is usually the first imaging modal- 
ity used, mainly to rule out hemorrhage (Ducreux et 
al. 2001). CT is able to show very early parenchymal, 
subarachnoid, and intraventricular bleeding. The 
diagnosis of brain AVM should be discussed when 
the patient is young, if the parenchymal hematoma 
has a lobar topography, and if calcifications or spon- 
taneously hyperdense serpiginous structures are 
visible (Fig. 3.2). 

In case of unruptured AVM, non-contrast-enhanced 
CT scans can be normal. However, in some patients 



slightly hyperdense serpiginous structures can be seen 
(Fig. 3.3). Parenchymatous calcifications are observed 
in 20% of cases, related to intravascular thrombosis or 
evolution of an old hematoma. Contrast agent injec- 
tion is absolutely mandatory to depict the brain AVM 
(Figs. 3.4, 3.5) on CT. Abnormalities of the parenchy- 
mal density are visible in approximately 25% of cases, 
related to the presence of gliosis or an old hematoma. 
Abnormalities of the ventricular system can be 
observed: focal dilatation in case of associated paren- 
chymal atrophy; compression of the ventricular system 
in case of mass effect caused by the AVM. Hydrocepha- 
lus can be observed in case of previous hemorrhage or 
if the ventricular system is compressed by enlarged 
draining veins of the AVM. 

The role of CT angiography in the diagnostic 
workup of brain AVMs is not precisely defined. Aoki 
etal. (1998) showed that 3D CT angiography provided 
precise anatomic information on nidus and draining 
veins but did not demonstrate small feeders. 

In patients with a large hematoma for which emer- 
gency evacuation is necessary, CTA maybe useful to 
detect a brain AVM preoperatively and thus give the 
surgeon some idea about the surgical strategy to be 
followed. However, small AVMs can be misdiagnosed 
by this technique. 

3A.2.2 

MR 

Patients presenting with ruptured AVMs are usually 
examined in the acute phase by a CT scan. MRI is 
currently used in case of unruptured AVM or to find 
the underlying lesion in case of lobar hematoma, 
generally days or weeks after the bleeding. 

Given the different sequences available in MR 
imaging, MRI is able to give three levels of analysis 
of the AVM: 

- Anatomic analysis using conventional sequences 

- Vascular analysis using MR angiography 

- Functional analysis using fMRI 

Anatomic Analysis 

Conventional sequences (Tj, T 2 , Tj with gadolinium) 
enable a very precise analysis of the brain AVM 
(Smith et al. 1988b). On Tj- and T 2 -weighted images, 
circulating vessels have no signal because of the fiow 
void phenomenon (Fig. 3.5). On Tpweighted images 
with gadolinium, vessels are enhanced. 

The size and the anatomic location of the nidus 
are precisely delineated by MRI (Figs. 3.4, 3.6). Smith 
et al. (1988) showed that the size of the nidus was 
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Fig. 3.2a-f. A 14-year-old girl presenting with sudden headaches and deficit 
of right lower limb, a CT-scan shows a subcortical frontoparietal hematoma 
with hypodense structures, b Proton density MR, flow void serpiginous struc- 
tures anterior to the hematoma very evocative of brain AVM. c Time of flight 
(TOF) angio-MR shows feeding arteries and nidus size and morphology, 
d Phase contrast (PC) angio-MR shows nidus and draining veins. Combined 
information from TOF and PC concerning arterial feeders, nidus, and venous 
drainage morphology were considered accurate enough to plan treatment. 
Embolization was decided on first and was performed 3 months after bleed- 
ing. Digital angiography in lateral and AP view (e, f) was done with the patient 
under general anesthesia at beginning of embolization. Retrospectively, AVM 
architecture was very precisely analyzed on angio-MR 
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Fig. 3.3a-f. A 46-year-old man who presented with a parenchymal frontal hematoma in 1976, resulting in a slight residual right 
hemiparesis predominating at the level of the lower limb. The patient came to our department in 2000 complaining of progressive 
worsening of the deficit, confirmed by repeated clinical examination during the preceding 6 months. Contrast CT scan shows an 
AVM of the left medial frontal lobe with calcifications (a) and an aneurysm of the anterior communicating (Acorn) artery (b). Digital 
angiography shows Acorn aneurysm and huge frontoparietal AVM fed by both anterior and middle cerebral artery branches and 
deeply involving the white matter (c, d). Acorn aneurysm was considered the weakest point and treated first (e, f). Treatment was dif- 
ficult due to aneurysm neck size and high fiow. Oversized coils were necessary to keep them in the aneurysm cavity. The AVM is still 
under an embolization protocol with the aim of reducing AVM volume and flow to improve progressively worsening symptoms 
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A 

<1 Fig. 3.4a-j. A 42-year-old woman presenting with two episodes of seizures. Pre- and post-contrast CT scans (a,b) show a right 
temporal AVM. A slightly hyperdense structure is visible before and, strongly enhanced, after injection. Frontal and axial T 2 
images perfectly localize the AVM within the white matter of the right temporal lobe, but determination of the nidus border is 
difficult (c, d). 3D TOF image does not show the nidus limits precisely and affords poor understanding of the AVM architecture 

(e) . Digital angiography performed during embolization shows the arterial feeders, nidus size and venous drainage much better 

(f) . Superselective injection during embolization allows a much better understanding of nidus arteriovenous architecture. Distal 
catheterization shows immediate opacification of draining veins (g). Such arteriovenous anatomy allows very efficient emboliza- 
tion with easy gluing of origin of draining veins (h). Three and 18 months after second embolization, follow-up angiography 
showed complete occlusion (i, j) 
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c 



Fig. 3.5a-d. A 63-year-old woman presenting with common headaches. Post-contrast CT scan shows an abnormal vessel within 
the right temporal lobe (a). Axial proton density image shows enlarged flow void vessel (b). Digital angiography depicts a very 
small superficial temporal AVM draining into a single, slightly dilated, superficial vein (c, d). AVM is supplied by very short “en 
passage” feeders. Due to patient’s age, absence of symptoms, and AVM morphology no therapy was planned 




Fig. 3.6a-f. A 27-year-old man presenting with a small deep hematoma with ventricular hemorrhage. Axial proton density MR 
image shows a left temporopolar small brain AVM (a) and the hematoma in a remote, more posterior location at the medial 
aspect of the left temporal lobe (b). Internal carotid injection shows the temporal AVM with a deep venous drainage (c). An 
intranidal aneurysm or false aneurysm is visible; this must be considered the most likely cause of the bleeding and should be 
the first target of embolization. Superselective catheterization of the lenticulostriate artery harboring the aneurysm allowed 
gluing of both aneurysm and AVM (d). Final follow-up angiography after four embolizations showed incomplete obliteration 
of the AVM with disappearance of any nidus but persistent early venous drainage (e, f) 
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more precisely shown by MRI than by conventional 
angiography._ Anatomic location was always better 
defined by MRI than by angiography. Depiction of 
arterial feeders and draining veins is often incom- 
plete with conventional sequences. 

MRI is also a good tool to clearly demonstrate 
parenchymal lesions caused by the AVM. Because 
of the high sensibility to hemosiderin, MR is able to 
depict a recent, but also an old hematoma (Fig. 3.7). 
However, the presence of a recent hematoma may 
mask a small AVM leading to a false-negative MR 
(Fig. 3.8). In the absence of hemorrhage, perinidal 
abnormalities of signal, particularly hypersignal on 
T 2 -weighted images, can be evidence of perinidal 
ischemic changes or gliosis. Fluid-attenuated inver- 
sion-recovery sequence (FLAIR) seems to be supe- 
rior to the conventional T 2 -weighted fast spin-echo 
sequences in the assessment of intralesional and 
perilesional gliosis (Essie et al. 2000). More precisely 
than CT, MR is able to depict either morphological 



changes induced by the AVM itself or its parenchy- 
mal or ventricular consequences: parenchymal atro- 
phy with focal dilatation of the ventricular system; 
compression of the ventricular system in case of 
mass effect caused by the AVM; hydrocephalus in 
case of previous hemorrhage or if the ventricular 
system is compressed by enlarged draining veins of 
the AVM. 

Vascular Analysis 

Until recently, only phase-contrast and time-of-fiight 
techniques were available to study the vascular system 
(Fig. 3.2). These have been demonstrated to be of 
value in providing three-dimensional representations 
of AVM vascular architecture (Marchal et al. 1990). 
However, these techniques have limited anatomic cov- 
erage and are not able to adequately depict the precise 
anatomy in a large number of cases: The correct size 
of the nidus cannot be assessed (Fig. 3.4); intranidal 



Fig. 3.7a-i. A 34-year-old man who presented with a first episode of bleeding 
in 1985 from a deep brain AVM. The patient was treated with radiosurgery. 
He presented a new hemorrhage in 1987, with major clinical consequences 
(right severe hemiparesis and aphasia), a Axial Tj image performed in 1998 
shows deep paraventricular AVM with old hematoma of right striatum and 
posterior limb of internal capsule. 3D TOF angio-MR in sagittal and frontal 
views (b, c) allows good delineation of nidus limits and angioarchitecture 
evaluation. Digital angiography by internal carotid injection in AP view 
(d) and vertebral injection in sagittal view (e) provide same information 
about feeders, nidus shape and architecture, and drainage. Very early phase 
of vertebral injection depicts a small intranidal aneurysm or false aneurysm 
of distal thalamo-perforating artery; this was considered a weak point of 
the malformation and treated first (f). Superselective catheterization of 
posterolateral choroidal arteries performed immediately after thalamo-per- 
forating artery and aneurysm gluing showed intranidal wedge positioning of 
catheter tip (g). Late venous phase of this injection showed intraventricular 
hemorrhage. Glue injection was performed immediately after bleeding was 
recognized (h). Post-embolization CT scan confirmed intraventricular hem- 
orrhage but no parenchymal hematoma (i). External ventricular shunting 
was performed just after embolization. Patient was awakened 3 days later 
and showed moderate worsening of initial symptoms. At 3-month follow-up 
examination he had completely recovered his initial clinical status 
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Fig. 3.8a-f. A 42-year-old woman who presented with sudden headaches and 
aphasia at 7 months of pregnancy. CT scan showed a left temporal hematoma. 
Digital angiography was performed and considered normal (not available). 
Pregnancy was carried out to term and cesarean delivery was performed. She 
progressively recovered and came to our institutions months later. CT-scan 
and MR were performed at that time. CT scan shows chronic hypodense 
hematoma (a). MR Tj and T 2 axial images show hyperintense signal within 
the hematoma due to extracellular methemoglohin (b, c). 3D TOF MIP recon- 
struction is normal (d). Both axial conventional images and angio-MR were 
considered not accurate enough to rule out a small AVM. Digital angiography 
depicts a small left temporal micro-AVM (e). Superselective catheterization 
allowed more precise understanding of nidus morphology (f). More distal 
catheterization did not obtain wedge positioning of catheter tip and good 
control of the flow. Consequently, embolization was not performed and the 
patient was treated with radiosurgery 
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aneurysms are frequently not visible (Fig. 3.7); depic- 
tion of the draining veins is inconsistent (Fig. 3.9); 
smaU-caliber vessels and regions of slow blood flow 
cannot be consistently revealed (Fig. 3.9) (Edelman 
et al. 1989; Marchal et al. 1990; Nussel et al. 1991). 
Moreover, dynamic information is not provided by 
these sequences. 

Multiple overlapping thin-slab acquisition time- 
of-flight MR allows greater anatomic coverage and 
produces better signal-to-noise ratio and higher 




Fig. 3.9a-d. A 51 -year-old woman who presented with a left 
hematoma of the posterior limb of the internal and external 
capsule in 1985, with subsequent slight right hemiparesis and 
lateral right hemianopia. Digital angiography was performed 
in 1985 and 1994 and showed a sylvian fissure AVM. Due to the 
angioarchitecture, no treatment was decided on at that time. 
The patient returned in 1999 and complained about recur- 
rent episodes of right side hemiparesthesia. Axial Tj images 
done at that time showed sequelae of a deep hematoma and 
abnormal vessels along the wall of the posterior aspect of the 
lateral ventricle (a). 3D TOF angio-MR depicts very small 
abnormal vessels arising from left middle and posterior cere- 
bral arteries (b). Left internal carotid injection shows an AVM 
extending into the left sylvian fissure supplied by numerous 
small “en passage” feeders coming from the branches of the 
middle cerebral artery (c). Venous drainage is very abnormal, 
with a large ectatic vein draining into a single small narrowed 
vein to the transverse sinus (d). Embolization was considered 
inappropriate due to the arterial feeder anatomy. Patient was 
sent to radiosurgery 



resolution than conventional MR angiography, but 
slab boundary artifacts represent a major limitation 
(Liu and Rutt 1998; Warren et al. 2001). 

New gadolinium-enhanced MRA techniques are 
currently in development which are superior to TOF 
MR angiograms but still inferior to DSA images for 
depiction of AVM components because of limitations 
in both temporal and spatial resolution (Takano et 
al. 1999; Griffiths et al. 2000; Warren et al. 2001; 
Fare et al. 2001). 
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Functional Analysis 

Functional MRl (fMRl) includes perfusion and diffu- 
sion imaging and study of brain function. 

The role of DWl has to be determined (Ducreux 
et al. 2001). The nidus has usually a low signal with a 
large and homogeneous increase of the apparent dif- 
fusion coefficient (ADC). However, to date DWl does 
not play a major role in AVMs. 

Perfusion MRl is an additional new tool, but its 
role in brain AVMs is also unclear. It maybe possible 
to evaluate hemodynamic characteristics of different 
AVMs, but no scientific data are currently available. 

Functional MRl activation has been studied largely 
in patients with brain AVMs (Latchaw et al. 1995; 
Maldjian et al. 1996; Schlosser et al. 1997; Viking- 
STAD et al. 2000; Lazar et al. 2000; Alkadhi et al. 2000; 
Carpentier et al. 2001). fMRl activation is a potentially 
very interesting tool to depict fimctional areas of the 
brain, when a brain AVM is located in an eloquent area, 
particularly sensorimotor, visual, and language cortex. 
Bold sequences used for the performance of fMRl acti- 
vation are based primarily on the detection of hemo- 
dynamic changes in the cortex during the performance 
of a task. Given the huge hemodynamic modifications 
induced by the AVM in the perinidal parenchyma, there 
is some doubt regarding fMRl activation patterns. 

In the great majority of cases, no activation is 
detected inside the nidus during the performance 
of a task. This could be related to the absence of 
functional tissue within the nidus, but the detec- 
tion of subtle and minor activation within an AVM 
could also be obscured by the complex relationships 
between the BOLD effect and AVM circulatory pat- 
terns (ViKiNGSTAD et al. 2000). Activation can be 
observed in the cortical regions adjacent to AVMs. In 
the majority of cases where brain AVMs are located 
in eloquent areas, a shift of the activated areas with a 
frequent interhemispheric transfer is observed. 

A recent study showed a discrepancy between 
the superselective Wada test and fMRl activation in 
a patient with a left frontal brain AVM (Lazar et al. 
2000). An area which was activated during fMRl was 
not detected as a language area by the Wada test. 

Thus, fMRl activation has a potential for the study 
of brain function in brain AVMs, but larger series are 
necessary to evaluate the liability of this technique. 

3.4.2.3 

Selective and Superselective Angiography 

As shown in Sect. 3. 3.2.1, many anatomic factors have 
to be analyzed to evaluate the risk of rupture of an 



AVM and to decide which treatment is appropriate. 
Despite recent developments, CTA and MRA are cur- 
rently not sufficient to obtain a precise description of 
the AVM from an anatomic and hemodynamic point 
of view. Selective angiography is still always neces- 
sary to make a decision regarding the treatment. 
In summary: the diagnosis of an AVM nowadays is 
usually based on CT or MR; the exact and therapeuti- 
cally relevant anatomic and functional information 
still has to be obtained by angiography. 

Technically, selective angiography has to be per- 
formed according to a rigorous protocol. To assess as 
precisely as possible the anatomic components of the 
AVM, it is important to selectively inject the internal 
and external carotid arteries and vertebral arteries. 
Analysis of the arterial feeders, nidus, and venous 
drainage is obtained by performing multiple projec- 
tions (anteroposterior, lateral, and oblique). Three- 
dimensional angiography maybe helpful. 

However, even excellent angiograms are often 
inadequate for reaching correct therapeutic decisions 
(Nakstad and Nornes 1994). The exact anatomy of 
large feeding arteries may be obscure with selective 
injections. Small feeding arteries are sometimes not 
visible on selective angiograms. Although the size of 
the nidus is generally well evaluated by selective angi- 
ography, intranidal aneurysms (Fig. 3.7) and direct 
intranidal AV fistulas are often misdiagnosed. The 
venous drainage of the AVM is generally well studied 
by selective angiography, but the compartments of the 
AVM and their venous drainage are often not depicted 
because the AVM is injected as a whole (Fig. 3.4). 

For all these reasons, superselective angiography 
often gives a more detailed analysis of the AVM and 
may become more important in making the diag- 
nosis. Superselective angiography is performed by 
manual injection of each separate arterial feeder. It is 
usually the first step of embolization. 

3.4.3 

Imaging Strategy 

Imaging strategy is closely related to the clinical pre- 
sentation (rupture of the AVM or not) and the clinical 
status of the patient. 

3.4.3.1 

Ruptured AVM 

In this situation, the patient has the clinical presenta- 
tion of a parenchymal hematoma or a subarachnoid 
hemorrhage or both. The first examination is the CT 
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scan, which has a high sensibility to detect intra- 
cranial hemorrhage in the acute phase with a high 
specificity. 

Contrast- enhanced CT scan and CT angiography 
are currently not useful. Indeed, small AVMs may be 
mistaken by CTA and the anatomic data provided by 
this technique are often not sufficient to make a ther- 
apeutic decision. Only in patients with a large space- 
occupying hematoma CTA can be performed to try to 
indicate to the neurosurgeon whether a brain AVM is 
the underlying cause of bleeding, before emergency 
surgery is performed. 

With the exception of this specific situation, the 
next step after the diagnosis of the hemorrhage is 
selective angiography. In case of isolated subarach- 
noid hemorrhage or when a brain hematoma may be 
related to a ruptured aneurysm, it has to be performed 
emergenfly. In other cases, the time to perform angi- 
ography is a matter of debate. When an intraparen- 
chymal hematoma is present it can compress the AVM, 
leading in some cases to a false-negative diagnosis. For 
the same reasons, anatomic analysis in the acute phase 
may be erroneous. Therefore, selective angiography 
should probably be delayed. However, angiography 
is often performed at the acute phase of bleeding to 
obtain a definite diagnosis and to have aU the informa- 
tion at hand concerning the AVM in case the patient’s 
clinical status should worsen, requiring prompt sur- 
gery. Moreover, when the cause of bleeding is unclear 
(AVM or associated aneurysm), angiography is also 
important to determine if an associated aneurysm is 
present, and in such instances angiographic criteria 
combined with CT or MR findings may be helpful to 
determine the site of bleeding (Fig. 3.6). 

After the acute phase of bleeding, the therapeutic 
approach to the AVM will be defined on the basis of 
anatomic data provided by MRI and selective angiog- 
raphy (Figs. 3.2, 3.7). 

3.4.3.2 

Unruptured AVM 

For an unruptured AVM CT is not indicated; the first 
step is MRI and MRA to obtain all the information 
needed to make a therapeutic decision. In a great 
number of cases, clinical data, MRI, and MRA are suffi- 
cient to make a decision regarding therapeutic options: 
- in some cases, it is clear that treatment should be con- 
servative, and in this situation selective angiography is 
not needed; in other cases, the AVM has to be treated 
and the next step depends on the therapeutic strategy. 
If embolization is the first step of treatment, there is 
no reason to perform first a selective angiogram and 



then superselective angiography and embolization. In 
this situation, complete information has to be given to 
the patient and selective, superselective angiography 
and the first embolization have to be performed at the 
same time. If surgery is the modality of choice, selective 
angiography has to be performed first. If radiosurgery 
is indicated as the sole treatment, selective angiography 
has to be performed immediately before treatment for 
stereotactic localization of the AVM. 

In some cases, the therapeutic decision is not clear 
after MRI and MRA, and selective angiography is 
performed to make a decision. 

3.4.4 

Classification of Brain AVMs 

Several systems have been designed to classify 
patients with brain AVMs regarding surgical risk 
(Spetzler et al. 1992) and individual hemorrhagic 
risk (Natae et al. 1998). 

3.4.4.1 

Classification of Spetzler and Martin 

The Spetzler and Martin (1986)classification 
was established to grade AVMs according to their 
degree of surgical difficulty and the risk of surgical 
morbidity and mortality. To assign an AVM grade, 
the size, the venous drainage, and the eloquence of 
the adjacent brain are determined from angiography, 
computed tomography, and MRI. A numerical value 
is assigned for each of the categories: 

• Size of the AVM: small (<3 cm): 1; 
medium (3-6 cm): 2; large (>6 cm): 3 
Eloquence of adjacent brain: 
noneloquent: 0; eloquent: 1 
Pattern of venous drainage: 
superficial only: 0; deep: 1 

The grade of the lesion is obtained by summing 
up the points assigned for each category. As previ- 
ously outlined, the Spetzler-Martin grading system 
is clearly a surgical one and is of little value for 
interventional neuroradiologists and radiotherapists 
(Mansmann et al. 2000). 

3A.4.2 

Classification of Natae et al. 

Based on a retrospective study of 250 consecutive 
patients treated by radiotherapy, the classification 
of Natae et al. (1998) was established to individually 
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evaluate the risk of hemorrhage. Five angiographic 
parameters were considered to be determinants of the 
bleeding risk, leading to a four-grade classification. 
Grade I: no risk factor 

la; with venous recruitment 
Ib: without venous recruitment 
Grade II; venous stenosis or venous reflux 
Grade III; deep venous drainage only 
Grade IV; intra- or juxtanidal aneurysm 



In the series mentioned, there were 13% of hemor- 
rhages in grade la, 38% in grade Ib, 48% in grade II, 
and 90% in grades III and IV. 



3.5 

Therapy 

3.5.1 

Neurosurgery 

Neurosurgery may be indicated in emergency to 
remove a large life-threatening hematoma. Only 
superficial AVMs, more easy to control, may be 
removed with the hematoma. When surgery of a brain 
AVM is difficult, the hematoma maybe removed and 
the treatment strategy may then be decided without 
hurry regarding AVM location, size, and architecture. 
Treatment of AVM is then performed later, after the 
patient has recovered. Very few papers report patient 
outcome after early surgical treatment of intracere- 
bral hemorrhage caused by AVMs (Lamy et al. 1990; 
Jafar and Rezai 1994; Puzzilli et al. 1998). The 
numbers of patients are too small to allow any firm 
conclusions. In the largest series of 24 operated 
patients there were 53% good results, 25% comatose 
patients, and 21% deaths (Lamy et al. 1990). 

Elective Surgery. In a non-emergent situation surgery 
is elective, by the standard microsurgical technique 
with an operating microscope (Ogilvy et al. 2001). 
Usually, the arterial feeders are attacked first, followed 
by the nidus, and only at the very end of treatment the 
draining veins (Yasargil 1988). The goal of surgery 
is complete cure, which should be proven by intra- 
operative and postoperative angiography. In case of 
residual AVM a new surgical approach should be 
considered immediately to avoid subsequent bleed- 
ing that may be favored by subtotal occlusion of the 
nidus. Radiosurgery or embolization of postopera- 
tive residual AVM may be considered even if the first 
carries a risk of bleeding until complete occlusion. 



Outcome of Direct Surgery. A recently published 
meta- analysis reviewed all series of more than 
50 patients published since 1990 (25 series, 2452 
patients) (Castel and Kantor 2000). The clinical 
presentation was hemorrhage in 57% of cases. Global 
mortality varied from 0% to 15%, mean 3.3% (68 of 
the 2452 patients). It was below 5% in 81% of the 
reported cases. Postoperative global morbidity was 
1.5%-18.7%, mean 8.6%. Hamilton and Spetzler 
made a prospective study of 120 consecutive patients 
who underwent complete microsurgical excision of 
their AVM, with or without previous embolization, 
to evaluate correlation between the Spetzler-Martin 
grade and postoperative clinical complications 
(Hamilton and Spetzler 1994). Permanent major 
morbidities were 0% for grades I-III, 21.9% for 
grade IV, and 16.7% for grade V. Deficit related to 
surgery and evaluated 6 weeks after operation was 
0% in grade I, 4.2% in grade II, 2.8% in grade III, 
31% in grade IV, and 50% in grade V. Mortality 
directly related to surgery was 0%. Risk of surgery 
is quite well estimated by the Spetzler-Martin grad- 
ing system, with a favorable outcome in 92%-100% 
grade I, 95% grade II, 88% grade III, 73% grade IV, 
and 57% grade V (Spetzler and Martin 1986; 
Heros et al. 1990). Series in which patients were 
examined before surgery, postoperatively, and over 
the long term by independent neurologists showed 
less good results; 124 prospective patients were 
studied by Hartmann et al. (2000). Postoperatively, 
41% of the patients had new neurological deficits, 
15% disabling and 26% non-disabling. At long-term 
follow up 38% of patients had surgery-related defi- 
cits, 6% disabling and 32% non-disabling. Morgan 
et al. (1993) reported a series of 112 Patients with 
44 small (<2 cm), 43 medium, and 25 large (>4 cm) 
AVMs. There was 3.6% mortality and 18% morbid- 
ity. Comparing their results with others, the authors 
stressed the considerable variation of results pub- 
lished in the literature, i.e., 0%-12.5% mortality and 
3%-30% morbidity. This variation may be explained 
by selection criteria for surgery as well as by meth- 
ods of analysis. One example highlighted by Morgan 
was the 1.5% mortality in the series of Davis and 
Symon (1985), which would have been 10% if seven 
patients who died postoperatively and who had a 
poor neurological grade on admission had been 
included. In the series of Morgan the major cause 
of mortality and severe morbidity were neurological 
deficits unrelated to hemorrhage or edema, normal 
pressure perfusion breakthrough, and intraoperative 
hemorrhage. Batjer et al. defined hyperemic compli- 
cations as “unexpected brain swelling or hemorrhage 
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unrelated to technical error or concealed ventricular 
hemorrhage, CT evidence of edema associated with 
neurological deficits not related to inadvertent proxi- 
mal vascular occlusion or intraoperative brain retrac- 
tion, or hemorrhage after angiographically proven 
complete AVM resection” (Batjer et al. 1989a). They 
reported 13 cases (21%) in 62 patients operated on 
(seven dead or severely disabled). Spetzler et al. 
(1987), as well as Andrews and Wilson (1987), con- 
sidered this complication to be sufficiently frequent 
in large AVMs that they proposed performing staged 
surgical resection. Another series confirmed the cor- 
relation between size, deep venous drainage, and the 
Spetzler-Martin scale (Schaller et al. 1998). In this 
series, 150 operated patients presented with 15.3% 
surgical morbidity and early new deficits in 39.3%, 
permanent new deficits in 10.6%, being significant 
in 7.3%. There was statistical evidence of a trend to 
risk of poor surgical outcome across three catego- 
ries: noneloquent, less eloquent (ex: visual cortex), 
and highly eloquent (ex: brainstem, basal ganglia, 
precentral cortex). The authors emphasized that 
“eloquence of Spetzler-Martin classification should 
be divided in two categories of less eloquent and 
highly eloquent, which is important for risk analysis 
of the treatment of asymptomatic and deep-seated 
AVMs and for future trials comparing various treat- 
ment modalities”. 

Small superficial AVMs may be operated on with a 
very low morbidity (1.5%-9.7%) (Pik and Margan 
2000; Schaller et al. 1998; Sisit et al. 1993). In 
contrast, morbidity of deep-seated lesions is much 
higher, at 9% in 22 patients (Lawton et al. 1995), 17% 
in 18 patients (De Oliveira et al. 1997), 20% in 22 
patients (Sasaki et al. 1998), and 25% in 16 patients 
(U et al. 1992). Lawton et al. (1995) emphasized 
the role of preoperative embolization. Sasaki did 
not report any cases of surgical treatment of deep- 
seated lesion since 1990 and advised a multimodality 
approach. Surgery of posterior fossa AVMs is sup- 
posed to be more dangerous. In the series of Drake, 
eight (19.5%) of 41 patients operated on died (Drake 
et al. 1986). In the series of 30 patients of Batjer and 
Sansom mortality was 7% and permanent morbidity 
was 13% (Batjer et al. 1986). 

Surgery may be helped by two imaging facilities: In 
8%-19% intraoperative angiography showed resid- 
ual AVMs not suspected during surgery (Munshi et 
al. 1999; Pietila et al. 1998). Nevertheless, the risk 
of cerebral angiography performed under difficult 
conditions during brain surgery should be taken into 
account. Computer-assisted resection for nidus defi- 
nition and depiction was described (Muacevic and 



Steiger 1999). It may allow a better understanding 
of AVMs and their relationship with adjacent brain 
structures as well as a better surgical approach. 

Many papers have described the risk of recur- 
rence of cerebral AVMs after complete AVM occlu- 
sion confirmed by postoperative angiography (Sano 
et al. 1978; Kader et al. 1996; Lanzino et al. 1997; 
Fox 1997; Patil 1997; Freudenstein et al. 2001). 
Kondziolka et al. (1992) reported two recurrences 
in 70 patients who had undergone complete AVM 
resection, and two patients presented 3 years later 
with recurrent hemorrhage. True regrowth of brain 
AVM can be considered only in children. Postop- 
erative vasospasm, thrombosis of arteries and veins, 
and, above all, delayed recruitment of collateral 
arteries are the more likely explanations for the 
so-called recurrences. This emphasizes the role of 
delayed postoperative angiography, which should be 
performed 6 months to 1 year after surgery to assess 
a definitively complete cure. 

3.5.2 

Radiosurgery 

The concept of radiosurgery is to obtain a progres- 
sive obliteration of nidal vessels by focusing a high 
radiation dose. It has proven to be equally safe and 
effective whatever the device used, gamma knife, 
cyclotron, or linear accelerator (Colombo et al. 1989; 
Kjellberg 1989; Steiner 1988; Lundseord et al. 
1991). Natae et al. (2001a) recently reported a series 
of 705 patients treated by radiosurgery alone or in 
combination with embolization or surgery. The over- 
all complete obliteration rate (OR) was 55%. The OR 
was correlated to size: 77% for nidus <15 mm, 62% 
for nidus between 15 mm and 25 mm, 44% for nidus 
>25 mm; dose at reference isodose; minimal dose; 
and morphological parameters: presence of menin- 
geal feeders, AV fistulas, plexiform angioarchitecture, 
arterial steal, arterial recruitment, deep exclusive 
drainage, venous ectasia, confiuence or reflux. Pres- 
ence of a dural component with meningeal feeders 
decreased the OR from 58% to 33%. Embolization 
was reported to be a “confusion factor not associated 
with OR”. At multivariate analysis only minimal dose 
and complete coverage of the AVM were correlated 
to OR. Mortality in that series was 1.6%, due mainly 
to recurrent bleeding, which occurred in 6.5% of the 
cases. Rate of recurrent bleeding was 2.98%/year/ 
patient. Neurological deficits related to radiosurgery 
and not related to hemorrhage were observed in 
5.37% of the cases and were permanent in 1.46% of 
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the cases. This series summarizes well the current 
results of radiosurgery and major issues concerning 
rate of obliteration, factors related to success or fail- 
ure, and complication rate. 

A meta-analysis of the literature is difficult to 
perform because of (a) the different techniques used, 
e.g., most teams nowadays use a high single dose at 
least for small AVMs, but the minimum target dose, 
treated volume, and target definition may vary from 
one team to another; (b) very different patient selec- 
tion with various AVM sizes, locations (lobar, deep, 
brain stem, choroidal or ventricular), and symptoms 
(bleeding or not); (c) different patient follow-up strat- 
egy for evaluation of obliteration rate: up to 2 years, 
3 years or more, on angiography or MR, systematic 
or not. Nataf et al. (2001a) highlighted the fact that 
the rate of patients followed is very variable from 
one series to another: 55.6% for Kjellberg (1986), 
42%-64% for Steiner et al. (1992, 1993), 51.5% for 
Colombo et al. (1994), and 20.3% for Lundsford et 
al.(1991). 

Factors Influencing the Obliteration Rate. An evalu- 
ation of overall obliteration rate (OR) in the recent 
literature shows very different results, OR being 22% 
(Kjellberg 1986), 80% (Lundsford et al. 1991), 
79% to 86.5% (Steiner et al. 1992, 1993), 88.9% 
(Aoki et al. 1996), or 64% (Schlienger et al. 2000). 
These differences are explained mainly by selection 
criteria. 

- AVM volume: The AVM volume is certainly the 
main factor determining AVM cure (Betti and 
Munari 1992; Lundsford 1993; Colombo et 
al. 1994). Friedman et al. (1995) reported an OR 
of 70% in 37 of 57 patients with small AVMs. OR 
was 90% at 2 years for AVMs <2.5 cm (Colombo 
et al. 1994), 82% for AVMs <2.2 cm (Kondziolka 
et al. 1993), and 94% for AVMs <2 cm (Betti 
and Munari 1992). Pollock et al. (1996b) 
documented angiographic obliteration of only 27 
(42%) of 65 Spetzler-Martin grade I and II AVMs. 
In the series of Steinberg et al. (1993), the OR 
was 94% at 2 years and 100% at 3 years for AVMs 
with a volume <4 cc (20 mm diameter), 75% at 2 
years and 95% at 3 years for volumes between 4 cc 
and 25 cc, and 42% at 2 years and 73% at 3 years 
for volumes >25 cc. Results concerning treatment 
of large AVMs were specifically studied (Pan et al. 
2000; Friedman et al. 1996; Yamamoto et al. 1995; 
Nataf et al. 2001b). Pan et al. (2000= reviewed 240 
treated AVMs, classified as small (<3 cc), medium 
(3-10 cc), and large (>10 cc). Evaluated using the 
Kaplan-Meier method, the actual complete OR 



was 75% at 40 months. Complete ORs for small, 
medium, and large AVMs were 92%, 80%, and 
50%, respectively. In the group of large AVMs the 
OR was 77% for nidus of 10-15 cc and 25% for 
nidus >15 cc. The latency for complete oblitera- 
tion was significantly longer for large AVMs. There 
was no significant correlation between AVM size 
and the occurrence of neurological complications. 
Friedman et al. (1996) reported an OR of 69% for 
AVMs larger than 10 cc. In the series of Nataf, 
in 112 patients with an AVM >10 cc the OR was 
39%. Miyawaki et al. (1999) reported an OR of 
23% for AVMs >14 cc. None of the AVMs which 
received a minimal dose below 14 Gy were cured, 
but induced radionecrosis necessitated surgical 
excision in 22% of patients who received more 
than 16 Gy. 

Target determination: The main factor associated 
with successful radiosurgery and rapid decrease 
of bleeding risk is irradiation of the entire nidus 
(Gallina et al. 1998). In the series of Colombo, 
among 180 patients who underwent radiosur- 
gery, 153 (85%) were treated as usual with the 
entire nidus receiving the prescribed radiation 
dose, while for 27 (15%) only part of the nidus 
was covered with a dose adequate for oblitera- 
tion (Colombo et al. 1994). In totally irradiated 
cases, bleeding risk decreased from 4.8% in the 
first 6 months to 0% after 12 months. In par- 
tially irradiated cases bleeding risk decreased to 
10%-12% from 6 to 18 months and 5.5% from 
18 to 24 months after treatment. Overall inci- 
dence of bleeding was 5% in the 153 patients 
with total irradiation and 26% in the 27 patients 
with partial irradiation. Inadequate nidus defini- 
tion is known to be the major cause of treatment 
failure (Y. Kwon et al. 2000; Galina et al. 1998; 
Pollock et al. 1998). Stereotactic angiography is 
known to be not completely accurate in evalua- 
tion of nidus shape and size. The combined use 
of CT scan or MR and stereotactic angiography 
for target determination were evaluated. Blat 
et al. (1993) showed that determination of nidus 
diameter and isocenter may be different depend- 
ing on whether enhanced stereotactic CT scan or 
stereotactic angiography is used. MR images and 
CT scan were said to be “superior” to angiography 
in determining different structures of the AVM 
(Smith 1988a). Stereotactic MR angiography 
was compared with stereotactic angiography in 
28 cases (Kondziolka et al. 1994): in 24 cases 
the two techniques were similar, in three cases 
MR was shown to be “superior”, and in one case 
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angiography determined nidus shape better. In 45 
patients who underwent repeated radiosurgery for 
residual nidus, incomplete original angiographic 
definition of AVM nidus was the most frequent 
definite cause of initial radiosurgery failure (26/45 
cases, 58%) (Yamamoto et al. 1995). The authors 
claimed that the risk of poor nidus shape evalua- 
tion is reduced when stereotactic MR images are 
included in the dose-planning database. However, 
stereotactic angiography is still the best examina- 
tion for delineating small AVMs. The combina- 
tion of different imaging modalities such as 3D 
angiography, MR cross-sections, and angio-MR 
performed with three-dimensional acquisition 
will probably allow much better delineation of 
nidus shape, feeders, nidus and veins. 

- Angioarchitecture and hemodynamics: A small 
number of draining veins was correlated with 
better OR (Pollock et al. 1998). In the same 
study, presence of direct AV fistula was a negative 
predictor of successful radiosurgery. The same 
conclusion that high-fiow AV shunt decreases 
the chance for complete cure was shown in other 
series (Nataf et al. 2001a; O.K. Kwon et al. 2000). 
Preradiosurgical embolization was a negative 
predictor of success in several series (Pollock et 
al. 1998; O.K. Kwon et al. 2000). Recanalization of 
compartments of the nidus previously presumed 
to be occluded by embolization was responsible 
for nidus recurrence. Failure of radiosurgery was 
then attributed to failure of embolization. Such 
recanalization is not surprising, in view of the 
technique used for presurgical embolization at 
that time. Great strides have been made in the 
embolization technique for brain AVMs with the 
development of intranidal embolization using 
permanent liquid embolic agents (see chapter 
3.5.3 on embolization) have completely modified 
the goal and results of embolization. Consequently, 
series reporting a bad influence of preradiosurgi- 
cal embolization should not be considered today 
in treatment decision-making because results of 
particle injection in pedicle feeders and intranidal 
definitive gluing cannot be compared. 

- AVM location: Hemispheric location of the AVM 
was correlated to better OR (Pollock et al. 1998). 
There is more risk of clinical complications with 
radiosurgery of brain-stem AVMs than of superfi- 
cial AVMs (Karlsson et al. 1996). A recent series 
reported the results in 45 patients with brain-stem 
AVMs (Regis et al. 2001). The overall OR was 82%. 
Complications were neurological deficit in three 
patients (two permanent) and recurrent hemor- 



rhage in two. Choroidal and cisternal AVMs seem 
to be less radiosensitive, with an OR of 47.6% 
(Nataf et al. 2001d). 

Rate of Complications: The American Stroke Associa- 
tion estimated that there is a 5%-7% risk of treat- 
ment-related complications with radiosurgery and, 
in addition, a 3%-4% risk per year of hemorrhage 
prior to obliteration. Over a 3-year period the patient 
has a 14%-19% risk of complications or hemorrhage 
(The AVM Study Group 1999). 

- The rate of rebleeding (RR) is probably increased 
during the first 3 years after radiosurgery. In the 
large series of Nataf et al. (2001a), bleeding 
recurred in 6.5% of the cases and was responsible 
for a mortality of 1.6%. The RR was 2.98%/year/ 
patient. Steiner et al. (1992) reported an actuarial 
RR of 1.9%-6.5% up to 60 months after radiosur- 
gery. The overall RR was even higher in another 
series at 12.5% (Betti et al. 1989). It was 7.7% 
during the first 8 months after radiosurgery in 
grade I and II AVMs (Pollock et al. 1994), 6.6% 
in AVMs <10 cc (Yamamoto et al. 1995), and 9.2% 
in AVMs >10 cc (Pan et al. 2000). Hemorrhage 
occurring in the latency period before complete 
obliteration of the AVM is responsible for a high 
rate of severe clinical complications. The rate of 
death after hemorrhage was 50% (Yamamoto et 
al. 1995) and 40% in patients with grade I and II 
(Pollock et al. 1994). 

- Neurologic deficits related to radiosurgery and 
not related to hemorrhage were observed in 5.37% 
of the cases and were permanent in 1.46% (Nataf 
et al. 2001a). In a recent series of 240 patients, the 
rate of permanent deficit was 3.9% in AVMs >10 
cc, 3.8% in AVMs between 10 and 3 cc, and 2.4% 
in AVMs <3 cc (Pan et al. 2000). Brain parenchyma 
reactions due to radiosurgery, so-called radione- 
crosis (RN), have been known since 1930 (Fisher 
and Er 1930). RN was classified as acute, subacute, 
or late (Jellinger 1977). According to this series, 
there was a correlation between dose of radiosur- 
gery and delay of RS appearance. MR parenchy- 
mal lesions associated with RN may be classified 
into four grades (Nataf et al. 1997); grade I, no 
anomalies; grade II, hypersignal (HyperS) T 2 ; 
grade III, grade Il-associated homogeneous con- 
trast (gadolinium) enhancement on Tj; grade IV, 
central hyposignal Tj and heterogeneous periph- 
eral contrast enhancement, rim of hypoS Tj and 
T 2 (hemosiderin). In the series of (Nataf et al. 
2001c), the size of the AVM was the only factor 
correlated to the appearance of these parenchy- 
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mal lesions. Presence of a grade-IV MR lesion was 
the only factor correlated to neurologic deficit. On 
the other hand, the appearance of T 2 hyperinten- 
sity was correlated to radiosurgery efficacy and 
achieved 72% sensitivity in predicting success- 
ful treatment response (Mobin et al. 1999). The 
formation of cystic lesions has been described in 
the long-term MR follow-up of irradiated AVMs 
(Yamamoto et al. 1998). 

Re-irradiation after Radiosurgery Failure: In the 
series of Pollock et al. (1996), 21% of the 210 AVMs 
irradiated underwent re-irradiation. Karlsson et al. 
(1998) reported the most important series about re- 
irradiation including 115 patients previously irradi- 
ated from 1976 to 1994. The mean delay between 
the two radiosurgical treatments was 3.6 years. 
The OR was 65%, the rate of clinical complications 
14%. The authors concluded that the OR follow- 
ing gamma-knife surgery for previously irradiated 
AVM is similar to that after primary surgery, but 
that complication rate increases with the amount of 
radiation previously given. Very similar results were 
shown in a series of 39 patients who were re-irradi- 
ated (ScHLiENGER et al. 2001). The OR was 60.7% and 
the rate of complications was 14.7%. 

Risk of Recurrence: AVMs may reappear after 
having been completely occluded after radiosurgery 
(Yamamoto et al. 1992). In the series of Lindquist et 
al. (2000), covering 48 patients who underwent angio- 
grams more than 4 years after their AVM had been 
proven to be occluded, ten (21%) patients developed 
clinical symptoms attributable to the AVM. There 
was evidence of residual AVM nidus in four cases. 
Three of the recurrent AVMs were revealed by hem- 
orrhage. It is well known that the risk of recurrence 
after radiosurgery and surgery is higher in young 
patients. Kader et al. (1996) reported a 3.5% rate of 
hemorrhage in 141 patients less than 18 years of age 
who were thought to have been cured by surgery. The 
imaging strategy for follow-up varies greatly from 
one center to another. Most authors consider that 
irradiated AVMs must be followed up with MR and 
MRA, but that only angiograms can assess a com- 
plete cure. A recent series showed that important 
AVM changes seen on early angiograms are highly 
predictive of radiosurgical success (Oppenheim et 
al. 1999). Nevertheless, we are of the opinion that 
repeated angiograms increase the overall morbidity 
and cost of the radiosurgery, and that the informa- 
tion provided by these early repeated angiograms 
does not justify their practice. We advise the perfor- 



mance of MR each year after radiosurgery to follow 
AVM changes on MRA and parenchymal anomalies 
on cross-sections. Final angiography should be per- 
formed 3 years after radiosurgery to evaluate the 
final efficacy of the treatment. In case of complete 
AVM obliteration, another follow-up angiogram 
should be performed several years later in children 
or young adults to monitor the long-term efficacy of 
radiosurgery. 

3.5.3 

Embolization 
3.5.3. 1 

General Considerations 

Endovascular treatment of brain AVMs is still con- 
troversial for several reasons: 

- The goal of the treatment itself, which can be 
regarded as an invasive technique to prevent a 
likely risk of bleeding in patients presenting few 
or no symptoms 

- The availability of alternative therapeutic options 

- The variety of techniques, embolic agents, and 
even basic treatment concepts from one team to 
another and then from one publication to another, 
making evaluation of the results extremely diffi- 
cult 

- The lack of uniformity of interventional training 
and very different levels of specialization 

- The absence of large series and accurate evalu- 
ation of clinical and angiographic results, and 
clinical complications 

Fundamental rules must be followed: 

- Therapeutic decision should ever be taken by a 
multidisciplinary team of neurologists, neuro- 
surgeons, radiotherapists, and neuroradiologists. 
Embolization must be performed as one step in 
the global therapeutic approach and as an associ- 
ated technique. 

- Specialists must determine the goal of the treat- 
ment concerning: 

- The angiographic result: complete occlusion or 
targeted and partial occlusion 

- Clinical results: prevention of bleeding or 
improvement of clinical symptoms (intractable 
seizures, neurologic deficit, headaches) 

- The strategy, goal of treatment, and practical 
organization of the different steps and procedures 
should be explained in detail to the patient and, if 
possible, to his or her relatives. 
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- The neurointervention itself should be performed 
by a qualified neuroradiologist, a neuroanesthe- 
siologist, and a technical team, starting with the 
pre-procedural planning, continuing through the 
procedural organization, and including post-pro- 
cedural care. Medical treatment necessitated by 
the embolization before, during, and after the 
procedure should be decided on by the neurora- 
diologist. 

- The patient should be monitored within an inten- 
sive care unit for 24 h after the procedure. A neu- 
rosurgeon must be available to provide shunting 
if necessary, or emergent surgery for hematoma 
evacuation. 

- The anesthetic procedure: Most embolizations 
today are performed with the patient under 
general anesthesia with endotracheal intubation. 
There are at least two reasons for this tendency: 

- The duration of the procedure (2-4 h) with no 
possibility of movement makes embolization 
very uncomfortable and painful for the patient 
when local anesthesia is used. 

- Total immobility of the head is mandatory to 
allow safe catheterization and embolic agent 
injection under road-mapping. 

Some teams are still performing brain AVM 
embolization using local anesthesia, mainly because 
this allows clinical testing during selective catheter- 
ization with the superselective Amytal test to pre- 
dict neurologic dysfunction before embolization. 
Intra-arterial injection of Amytal (amobarbitol) 
was described by Wada and Rasmussen (1960) to 
evaluate brain function within the vascular distri- 
bution of the injected artery. This technique is still 
performed for presurgical evaluation in patients 
with intractable seizures to determine which cere- 
bral hemisphere is dominant. However, fMRI is 
progressively replacing the Wada test in this indi- 
cation (Binder et al. 1996). Superselective Amytal 
injection prior to embolization was described and 
used in large series of patients (Purdy et al. 1991b; 
Rauch et al. 1992a,b). In their original paper con- 
cerning the method, Rauch et al, (1992a) concluded 
that the injection of 30 mg Amytal into a vessel can 
produce transient neurologic deficits if normal 
brain tissue is supplied by the vessel; that the test is 
safe, with no long-term adverse effect; and that EEC 
testing is mandatory, because in 50% of the cases no 
clinical symptoms were associated with EEC distur- 
bances. In the second paper concerning the clinical 
use in brain AVMs on 30 patients who underwent 
147 embolizations, the authors reported the follow- 



ing: None of the patients with a negative Amytal test 
had clinical or EEC changes; the test was positive in 
20% of cases; in the few cases where patients were 
embolized despite a positive test the rate of neuro- 
logic complications was very high (40%); using frac- 
tionated embolization with multiple procedures, 
the rate of clinical complications was significantly 
higher (8%) in cases where a series of embolizations 
were performed after a single Amytal test as com- 
pared with a single embolization performed after 
an Amytal test. This means that the Amytal test 
performed during the initial procedure cannot be 
considered an accurate method for predicting the 
risk of further procedures. 

For many years the Amytal test was considered to 
be mandatory before brain AVM embolization. In 1997, 
Debrun et al. still claimed that “Amytal testing contin- 
ues to have extremely important medico-legal implica- 
tions, and most experts who would be asked to review 
a case of severe complications occurring during an 
embolization of brain AVM with acrylate glue would 
criticize the interventionalist for not having performed 
the Amytal test” (Debrun et al. 1997). However the 
recently published recommendations for the manage- 
ment of brain AVMs (Ogilvy et al. 2001) concluded 
that there was no evidence that either general anesthe- 
sia or intravenous sedation is associated with a lower 
rate of complications (level IV evidence). 

In our own experience, all the patients under- 
went embolization under general anesthesia, and 
in almost all French centers the Amytal test has not 
been performed for many years. The main reason is 
that principle of brain AVM embolization has been 
completely modified in the past 10 years owing to the 
great strides made in catheter and guidewire capa- 
bilities. Our current technique is intranidal wedged 
injection. The tip of the catheter is placed in the most 
distal arterioles and the glue is injected within the 
nidus itself, so that no normal brain is threatened. 
Obviously, there is still some risk of normal artery 
occlusion and consequent neurologic deficit. This 
may be due either to reflux of glue along the tip of the 
catheter or to opening of the arterio-arterial anasto- 
mosis within the nidus and reflux in normal arteries. 
However, an Amytal test would not be able to predict 
these inadvertent embolizations. 

Bladder catheters help with fluid management as 
well as patient comfort at the end of the procedure. 
Careful management of coagulation is required to 
prevent thromboembolic complications during the 
procedure. In our teams, intravenous heparin is given 
with the aim of obtaining activated clotting time at 
twice the normal value throughout the procedure. 
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In comparison, during endovascular treatment of 
intracranial aneurysms the anticoagulation therapy 
aims at keeping the ACT at four to six times above 
the normal value. The risk of embolic complications 
is indeed much less important in treatment of brain 
AVMs due to the high-flow arteriovenous shunt that 
protects against clot formation and distal artery 
occlusion. Heparin is stopped at the end of the proce- 
dure, and the femoral sheath is removed immediately 
thereafter. 

Hypertension maybe induced during the procedure 
to help distal catheter progression and nidus approach 
(Picard et al. 2001). However, recent tremendous 
advances in catheter technology now provide con- 
siderable capabilities for catheterization of very distal 
and tortuous arteries, and hypertension is much 
less is use. In contrast, profound deliberate systemic 
hypotension during glue injection has been proposed 
(Ogilvy et al. 2001 ) to slow the flow within the pedicle 
and provide more controlled glue deposition in arte- 
rial, nidal, and venous compartments of the AVM. 
Hypotension can be provoked by either vasoactive 
agents, general anesthetic, or - in some rare instances 
- adenosine-induced cardiac pause (Pile-Speelman 
et al. 1999). This technique is used today only in case 
of high-flow direct fistulas, where glue injection is very 
tricky and risky. Otherwise, it is seldom useful due to 
improvements in the technique of glue injection and 
choice of concentration. 

3.S.3.2 

Technique 

The first embolization was performed by Lues- 
SENHOP and Spence in 1959 using Silastic spheres 
(Luessenhop and Spence 1960). The later advances 
include transfemoral embolization of brain AVMs 
(Krichee et al. 1972), use of detachable balloons 
(Serbinenko 1974; Debrun et al. 1978), and the 
calibrated-leak balloon (Kerber 1976; Pevsner 
1977). At the beginning of the 1990s, many authors 
reported results of preoperative embolization with 
polyvinyl alcohol (PVA) particles (Purdy et al. 
1990; Fox et al. 1990; Schumacher and Horton 
1991; Nakstad et al. 1992). Nevertheless, there 
are many drawbacks related to PVA embolization: 
PVA particles do not afford long-term occlusion of 
embolized arteries and nidus and recanalization is 
more frequent; migration of particles in normal 
adjacent branches is much more likely because 
catheterization is less distal; because very different 
arteriovenous shunt size may be observed within 
the nidus with direct fistula, most of the particles 



may reach the venous side in some instances and 
produce either no embolization efficacy or, on the 
contrary, inadvertent venous occlusion. We feel that 
this kind of embolization should no longer be per- 
formed because it carries more risk and is much less 
efficient than glue embolization. Microcoils were 
also used to treat brain AVMs in order to increase 
the effectiveness of occlusion by PVA (Nakstad et 
al. 1992). Such embolization consists in a proximal 
occlusion of the feeding arteries which, in the 
long term, favors the recruitment of arterio-arte- 
rial anastomosis. Therefore, the treatment is not 
efficient to reduce the nidus because occlusion is 
too proximal and the nidus size remains the same 
even if the AVM is fed by collateral channels. Fur- 
thermore, coil occlusion shuts the door to further 
embolization, which cannot be performed through 
an arterio-arterial anastomosis. For these reasons, 
coil occlusion should be performed only in case of 
direct AV fistulas in which the AV junction itself may 
be occluded by the coils. Other agents have been 
used for brain AVM treatment, such as silk sutures 
(Deveikis et al. 1994), pure ethanol (Takes et al. 
1997), or Ethibloc. Their efficacy and safety have 
never been assessed in large series and their use 
has been more or less abandoned. Cyanoacrylates 
were first used at the end of the 1970s for preopera- 
tive embolization (Debrun et al. 1982; Picard et 
al. 1984; Vinuela et al. 1984, 1986, 1991; Wallace 
et al. 1995; Jaear et al. 1993); the results were com- 
pared with those obtained with PVA for that indica- 
tion. Due to the great strides made in catheter and 
guidewire technology, the technique and goal of 
embolization progressively switched from proximal 
feeding artery occlusion as the preoperative goal to 
intranidal occlusion for definitive treatment. 

Intranidal Embolization with Cyanoacrylates 
Principles 

The concept of embolization with cyanoacrylates 
is to occlude the nidus and the draining veins. The 
arteries should be occluded only at the level of very 
distal arterioles. The principle of intranidal embo- 
lization consists in placing the catheter in a wedge 
position in those very small arterioles close to the 
origin of the draining veins. The catheterization has 
to be as distal as possible (Figs. 3.4, 3.10). In this 
position the injection of contrast medium during a 
run or under subtracted fluoroscopy showed a stag- 
nation of the contrast medium in the pedicle, from 
the tip of the catheter to the nidus or vein. Arterial 
flow is almost completely stopped by the catheter. 
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Following a pre-embolization test injection a reflux 
of contrast along the tip of the catheter within the 
distal artery should be looked for carefully. This 
often predicts a very rapid reflux of glue along the 
catheter and risk of gluing normal adjacent arter- 
ies or gluing the catheter. When a wedge position 
is obtained, the glue may progress slowly without 
arterial flow contamination and Anally reach the 
origin of the veins, or enter another part of the 
nidus, and even reflux into other feeding arteries 
through the nidus. The progression of the glue 
has to be followed under subtracted fluoroscopy. 
Biplane equipment is mandatory to follow this pro- 
gression in two different projections. Two major 
issues should be addressed prior to gluing: What is 
the course of the feeding artery (which is revealed by 
the catheter), and were is the origin of the draining 
vein? Indeed, before injecting the glue the opera- 
tor should understand the anatomy perfectly and 
be able to determine as soon as possible when the 
glue begins to reflux along the tip of the catheter, 
and when the glue penetrates the origin of the 
draining vein, in order to predict to what point the 
glue has to be pushed. These two arterial and venous 
limits of gluing should be decided prior to the injec- 
tion. It is mandatory to And the best projections to 
separate: (a) the course of the feeding arteries from 
the nidus and the veins and avoid overlapping of 
the structures which need to be occluded (nidus 
and veins) and the one which should not (feeding 
artery), and (b) the nidus from the vein (Figs. 3.4, 
3.6, 3.10). Biplane equipment makes it possible to 
follow the injection and progression of glue by 
looking alternately at the two screens. As soon as 
the injection begins the operator should carefully 
look at the distal tip of the catheter to see the slow 
progression of the glue. The injection must be very 
slow when glue comes out of the catheter to avoid 
the formation of multiple little drops of glue exit- 
ing too rapidly and spreading quickly in the veins. 
On the contrary, the first kernel of glue should be 
pushed very gently from the tip of the catheter to 
the distal artery and nidus. The penetration of the 
glue in the origin of the draining vein is recog- 
nized by an enlargement of this kernel (Fig. 3.4). 
The injection must be stopped for a few seconds 
and then resumed. If the glue again progresses in 
the vein or enters another vein, the injection is 
stopped again for 4-5 s and then resumed. Here 
again, the operator should decide before perform- 
ing the injection whether the goal of the injection 
is to occlude the vein completely or just to reach its 
origin, keeping it patent. In case of large AVMs with 



multiple feeders, the aim of each injection from the 
first to the last procedure should be the occlusion 
of the draining veins (Figs. 3.10, 3.11). In case of a 
small AVM, with only one draining vein, the opera- 
tor should decide before injecting whether the goal 
is to occlude all the nidus and the draining vein in 
one shot or to occlude just one part of the nidus, to 
enter the origin of the vein with glue but keep the 
vein patent. In the first strategy the operator has to 
foresee, during the injection, whether it will be pos- 
sible or not to occlude all the nidus before deciding 
to completely occlude the vein. In the last strategy, 
the injection has to be stopped as soon as the glue 
penetrates the vein. Within a few minutes the kernel 
of glue will progressively laminate the walls of the 
vein, producing a reduction of the flow (Fig. 3.10). 
At the end of the injection the operator must aspi- 
rate back the glue with the syringe, then rapidly 
pull the microcatheter into the guiding catheter to 
avoid inadvertent migration of some drops of glue 
in the normal circulation. Before the development of 
the glide microcatheter, both the microcatheter and 
the guiding catheter were abruptly pulled out of the 
femoral sheath to avoid rupture of the microcath- 
eter body or gluing tip. Very smooth micro catheters 
can be pulled out alone and the guiding catheter can 
be left in place. 

The technique of intranidal embolization with 
Histoacryl requires tremendous experience on the 
part of the operator, because the injection is fast 
(from a few seconds to 1-2 min) and clinical conse- 
quences or improper gluing are disastrous. 

Material 

A 5- or 6-F guiding catheter is placed through the 
femoral sheet into the internal carotid or vertebral 
artery. The tip of the catheter should be placed high 
enough to facilitate microcatheterization by allowing 
the possibility of pushing more on the microcatheter 
and guidewires. However, too distal catheterization 
may induce a spasm of the artery which may decrease 
the flow and may, on the contrary, render the micro- 
catheterization more difficult. Nimodipine may be 
injected in the guiding catheter to treat vasospasm 
induced by the guiding catheter. Two milligrams of 
nimodipine (10 cc) may be slowly injected two or 
three times. Nimodipine has very little effect on the 
systemic blood pressure. Its efficacy lasts throughout 
the procedure. 
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Fig. 3.10a-k. A 32-year-old man presenting with seizures. Left OO 
internal carotid (a, b), right internal carotid (c, d), and vertebral 
(e) injections show a right compact parietal AVM fed by pari- 
etal distal branches of anterior, middle, and posterior cerebral 
arteries. Determination of size of the nidus itself and nidus 
limits is difficult due to the presence of multiple, very dilated 
draining veins. First and second superselective catheterization 
during first embolization showed favorable angloarchitecture 
with very good access to the origin of the draining veins (f, g). 

A 20% mixture of Histoacryl and Llplodol was injected in both 
cases. Gluing of the origin of the draining vein obtained after 
the first injection is visible (g). Cast of glue at the end of the two 
sessions of embolization delineates the exact size of the nidus 
itself and origin of veins (h). Right internal carotid injection 
in AP (i) and frontal (j) views and right vertebral Injection (k) 
performed 3 months later confirm complete cure 
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Fig. 3.11a-f. A 27-year-old man presenting with a frontal AVM 
revealed by seizures. Axial Tj image precisely localizes the 
frontal AVM at the surface of the cortex and extending partially 
within the white matter (a). Poor understanding of AVM archi- 
tecture, nidus shape and limits, and determination of venous 
compartment are obtained with this axial image. Right internal 
carotid injection in the early arterial (b) and venous phase 
(c) shows type of arteriovenous shunt better, with a compact 
nidus and a single dilated vein. During the second emboliza- 
tion the microcatheter broke during retrieval at the end of glue 
injection (d), outside of the patient, approximately 20 cm from 
the hub. It was cut at the level of the skin of the groin. Patient 
was treated for 2 weeks with low-molecular-weight heparin 
and for 3 months with aspirin. This technical complication 
had no clinical consequences. Four embolizations resulted in 
incomplete occlusion with residual nidus draining into a small 
collateral vein which was visible on pre-treatment angiography 
(e,f). Radiosurgery was performed 
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Types of Catheters 

Micro catheterization is performed today with two 

different types of catheters: 

- The true flow-guided catheter (Magic 1.8, 1.5- or 
1.2-F, Balt Extrusion, Montmorency, France; Ehte 
1.8, 1.5-F, Target therapeutic, Fremont, Calif, USA). 
Diluted contrast medimn is injected through the 
catheter under subtracted fluoroscopy to select 
the desired pedicle. Although these catheters are 
supposed to navigate with the flow, they frequently 
enter normal, not dilated, branches instead of being 
aspirated by the flow into dilated arteries feeding the 
AVM. Catheterization of the desired branch is then 
performed by flushing pure sahne or a mixture of 
saline and contrast mediiun within the microcath- 
eter with a different pressure. That way, the tip of 
the catheter tends to go back (depending on the 
pressure produced on the syringe) and to vibrate. 
This makes it possible to guide the tip (which was 
previously shaped as a small curve) from one artery 
to another. If the catheter fails to progress one can 
use a micro guidewire in the flow-guided catheter 
to provide more stiffness and increase “pushabil- 
ity”. The wire is pushed almost up to the tip of the 
catheter, but extreme caution should be used to keep 
the guidewire from extending beyond the tip of the 
catheter. The catheter and guidewire are then pushed 
together and the guidewire is very quickly removed. 
The catheter usually progresses in the last step when 
the wire is pulled back. This procedure is repeated 
until no more progression of the tip is achieved. 

- The intermediate-flow-guided/over-the-wire cath- 
eter (Flowrider and Ultraflow 1.8- or 1.5-F, Micro- 
therapeutics, Irvine, Calif , USA). These catheters do 
not navigate without a guidewire. The very floppy 
guidewire is placed within the catheter almost at 
its tip. Both catheter and guidewire are pushed 
simultaneously, making distal catheterization very 
easy and fast. The guidewire may be pushed outside 
the tip of the catheter into the desired branch of a 
bifurcation or in order to navigate into distal acute 
curves. The catheter progresses very easily with the 
guidewire. In contrast, a true flow-guided catheter 
does not navigate over the wire when the wire is 
pushed outside its tip. Thus, these new catheters 
behave as intermediate-flow-guided/over-the-wire 
catheters. The disadvantage is that they are more 
rigid because of the guidewire than true flow- 
guided catheters. They may modify the course of 
the catheterized artery, and they may induce spasm 
or arterial damage during abrupt removal. The risk 
of very distal catheterization may be higher. 



Concentration of the Glue Mixture 

Superselective angiography precedes each emboliza- 
tion. Since 1988, NBCA (N-butyl cyanoacrylate) has 
replaced IBCA (I-butyl cyanoacrylate). Histoacryl (B. 
Braun, Melsungen, Germany) was the only glue avail- 
able in Europe for many years. This glue is still not 
approved by the European Community for the indi- 
cation of intracranial arterial embolization. Neverthe- 
less, it was used for more than 10 years in thousands of 
patients and is considered by all the experts to be safe. 
A new glue has recently been approved by the Food 
and Drug Administration in the USA (Truflll n-BCA 
Liquid embolic system. Cordis, Miami) and another 
one in Europe (Glubran, GEM, Viareggio, Italy). 

Histoacryl is mixed with Lipiodol (Guerbet, Aulnay 
sous Bois, France) in concentrations varying from 
17% to 100%. Tantalum powder (Nycomed Ingenor, 
Paris, France) was previously used as a contrast agent 
to enhance the visibility of the mixture. Due to tre- 
mendous new improvements made in angiography 
rooms, however, the mixture is now very well visible 
under subtracted fluoroscopy. The best concentration 
of glue/Lipiodol is very difficult to determine and 
the choice depends on the operator’s experience and 
knowledge of glue embolization in brain AVMs. The 
choice is purely subjective and is made on the basis 
of the pre-embohzation superselective angiograph. In 
case of a wedge position within the nidus without very 
early venous drainage, a dilution of 17% (1 cc Histoac- 
ryl in 4.5 cc Lipiodol) allows very slow and long injec- 
tion and progression within the nidus without a major 
risk of gluing the catheter. This concentration may be 
increased from 17% to 20%, 25%, or 33% (respectively, 
1 cc Histoacryl in 4 cc, 3 cc, or 2 cc Lipiodol). Various 
situations call for the use of these more concentrated 
mixtures - when the origin of a vein which should not 
be occluded is very close to the catheter tip (Fig. 3.4), 
for instance, or when the “security distance” from the 
tip of the catheter to normal arteries is short and reflux 
along the tip of the catheter must be perfectly con- 
trolled. This is particularly true during embolization 
of perforating arteries (lenticulostriate, anterior cho- 
roidal, posterolateral and posteromedian choroidal, 
fhalamo-perforating arteries). They are also necessary 
when a direct arteriovenous flstula without interposed 
arterioles induces a risk of not being able to control the 
glue, some drops of which may flow through the shunt 
into the venous system. Highly concentrated mixtures 
are rarely used: 50% (1 cc Histoacryl in 1 cc Lipiodol), 
- 66% (1 cc Histoacryl in 0.5 cc Lipiodol), and pure 
Histoacryl is extremely rare. These concentrations 
are used only in large-caliber direct flstulas in which 
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the catheter tends to be aspirated into the vein. In this 
situation the tip of the catheter has to be pulled back 
into the arterial side of the shunt. The glue should be 
injected as slowly as possible to obtain the formation 
of a kernel stuck at the tip of the catheter, which can be 
progressively inflated to obtain slow occlusion of the 
shunt from the artery to the vein. The operator should 
not give slack to the catheter, which might be aspirated 
by the kernel in the flow and reach the vein. Although 
the glue is very concentrated, there is a risk the column 
of glue will detach prior to polymerization and rap- 
idly migrate into the distal veins, sinus, or extracranial 
veins. This is why it is necessary to wait several seconds 
for glue polymerization before pulling the catheter. 

3.S.3.3 

Complications 

Technical Complications 

Gluing the Tip of the Catheter. In some instances the 
catheter may be stuck within the nidus during its 
rapid removal at the end of gluing (Fig. 3.1 1). A Magic 
catheter may rupture at the level of one of the distal 
junctions, or the body of the catheter may not rupture 
but elongate. No endovascular mechanical maneuver 
to retrieve the catheter should be done. Neurosurgery 
aimed at removing the catheter tip should be pro- 
scribed as not useful and dangerous. Clinical com- 
plications due to the presence of a broken catheter 
within intracranial arteries, the internal carotid or 
vertebral artery, or the aorta are very rare. In such 
instances we recommend anticoagulation treatment 
for the patient for 1 week with low-molecular- weight 
heparin and for 3 months with aspirin. In case of 
distal rupture the risk is related to progressive migra- 
tion of the broken distal portion into intracranial 
distal arteries. When the catheter is not ruptured, 
it may be cut at the level of the skin and left in the 
iliac artery. With more resistant catheters the risk of 
tearing the nidus when pulling back the catheter is 
probably higher. The catheter does not rupture, and 
even very elastic catheters may stretch the feeding 
artery and damage the nidus with eventual bleeding. 
Different steps must be followed to minimize the risk 
of gluing the catheter (Debrun et al. 1997): wedge 
position on preembolization angiography with no 
reflux of contrast on catheter tip; good projection of 
work to separate the tip of the catheter from nidus 
and vein on subtracted fluoroscopy; removal of any 
loop in the microcatheter before injection of glue; 
use of diluted mixture (17%-33%); aspiration with 
the syringe before pulling the catheter. 



Catheter Rupture: During difficult distal and tortu- 
ous navigation the catheter maybe perforated by the 
guidewire due to repeated “push and pull” maneuvers 
in acute curves. The major problem is to depict this 
rupture during superselective preembolization angi- 
ography or during contrast medium injection before 
injecting the glue. In such cases, the contrast medium 
opacifies the parent artery at the same time as the 
distal artery downstream of the catheter tip. The 
operator can sometimes feel less resistance during 
injection. The risk of injecting glue through the per- 
foration of the catheter within the parent artery is 
extreme, and clinical consequences related to occlu- 
sion of major vessels may be disastrous. In any case 
where the operator suspects a likely perforation, he 
should remove the catheter and not inject glue. 

Polymerization Within the Catheter. Prior to injec- 
tion of glue, the dead space of the catheter and hub 
must be filled with 5% dextrose solution to avoid 
polymerization of the glue within the catheter. In 
some cases, however, this unexplained rapid polym- 
erization may happen. The main reason is probably 
poor quality control of Histoacryl or Lipiodol. The 
operator should always push the glue slowly through 
the microcatheter and follow its progression at the 
level of its distal tip. If the glue does not exit the tip 
of the catheter, and even if there is no increased resis- 
tance to pressure on the syringe, the operator should 
never increase the injection pressure. The major risk 
is catheter rupture and major artery occlusion or 
embolization of distal normal arteries. 

Clinical Complications 

The major risk of brain AVM embolization is acute 
postembolization hemorrhage (APEH). APEH is 
both the most frequent and the most neurologically 
devastating complication of embolization. Ischemic 
complications due to inadvertent embolization of 
normal arteries feeding adjacent brain parenchyma 
is much more rare and is associated with better a 
neurologic outcome. 

APEH may be due to multiple causes and can be 
more or less predictable. Many groups have studied 
retrospectively the angioarchitectural characteristics 
correlated with hemorrhagic presentation of brain 
AVMs (Kader et al. 1994; Marks et al. 1990; Natae 
et al. 1997; Turjman et al. 1995; Thompson et al. 
1998; Meisel et al. 2000; Piotin et al. 2001). Various 
architectural and hemodynamic factors may increase 
the risk of APEH. Other studies addressed the cere- 
bral hemodynamic of brain AVM before, during, and 
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after embolization to provide a theoretical basis for 
a possible physiopathology of APEH (Nornes and 
Grip 1980; Barnet et al. 1987; Handa et al. 1993; 
Al-Rodhan et al. 1993; Young et al. 1994; Sorimachi 
et al. 1995; Young et al. 1996; Gao et al. 1997; Kami- 
NAGA et al. 1999; Massoud et al. 2000). The different 
causes of APEH are: occlusion of the draining vein 
with glue, delayed venous thrombosis, normal per- 
fusion pressure breakthrough, intranidal aneurysm 
rupture, and vessel wall tearing during microcath- 
eter retrieval. The only causes of APEH that may be 
accurately recognized are occlusion of the draining 
vein with glue or delayed venous occlusion. In others 
instances the cause is only putative (Fig. 3.7). 

Occlusion of the Draining Vein with Glue and Delayed 
Venous Thrombosis. These complications involve the 
so-called occlusive hyperemia syndrome. This term 
was introduced by Al-Rodhan and co-workers to 
describe another mechanism of APEH related to 
impaired venous drainage due to AVM resection or 
embolization (Al-Rodhan et al. 1993). Secondary to 
embolization, impaired venous drainage can result 
from gluing of the draining vein; delayed venous 
thrombosis may be due to occlusion of substantial 
arteries and nidus. Progressive and extensive throm- 
bosis of the residual nidus and draining vein has 
been described (Vinuela et al. 1983b; Purdy et al. 
1991a; Duckwiler et al. 1992; Picard et al. 2001). 
Purdy et al. (1991a) reported three hemorrhages 
in the week after embolization with PVA foam par- 
ticles and platinum microcoils. They believed that 
hemorrhages were related to venous thrombosis due 
to stasis caused by substantial obliteration of AVM, 
which slowed the flow in the enlarged venous chan- 
nel, rather than by direct occlusion of the vein by 
embolic material. Nevertheless, inadvertent emboli- 
zation with sudden complete occlusion of the veins is 
probably the most frequent cause of APEH. Deruty 
et al. (1996) reported flve cases of APEH in 40 patients 
(12.5%) in the week after embolization. In four of 
these flve cases occlusion of the main venous drain- 
age was demonstrated. Continued inflow into the 
malformation with impaired outflow is a very high 
risk situation for rupture and hemorrhage. Partial 
occlusion of the draining vein with glue, associated 
with decreased arterial flow, may favor further com- 
plete venous thrombosis and hemorrhage. The time 
course of the complications may indicate the etiology 
of the problem: Inadvertent venous occlusion causes 
immediate or early postprocedural complications, 
while delayed venous thrombosis causes delayed 
complications. 



Normal Perfusion Pressure Breakthrough. This con- 
cept of normal perfusion pressure breakthrough 
(NPPB) was first described by Spetzler et al. (1978), 
who assessed that the normal brain parenchyma 
surrounding brain AVMs is subjected to the chronic 
vascular steal phenomenon by the AVM and disturbed 
vascular autoregulation. The acute reduction of flow 
after resection of an AVM reestablishes a normal flow 
in the surrounding brain; the lack of autoregulation 
results in disruption of local capihary beds and pro- 
duces subsequent brain edema or hemorrhage. There 
is experimental evidence for the theory that vasomotor 
regulation can be seriously impaired due to the long 
period of arteriole inactivity (Nornes and Grip 1980). 
With intraoperative measurements of cerebral vascular 
reactivity to CO 2 in the cortex surrounding the AVM, 
Barnett et al. (1987) showed that impaired reactiv- 
ity was associated with APEH. Folkow et al. (1971) 
showed an adaptive structural change of the resistance 
vessels in chronically hypotensive beds with reduction 
of the media and greatly increased lumina. The maxi- 
mal contractile strength and steepness of the resistance 
curve were decreased. The hemodynamics of AVMs 
and surrounding brain have been debated for years. 
Pre- and postoperative cerebral blood flow was studied 
using various techniques: thermodilution (Barnett 
et al. 1987; Spetzler et al. 1987), -xenon CT scan 
(Spetzler et al. 1987), single photon emission com- 
puterized tomography (Batjer 1988; Takeuchi et al. 
1987; Hacein-Bey et al. 2001), and positron emission 
tomography (Kaminaga et al. 1999). Intraoperative 
vascular pressure measurements were performed with 
either direct puncture (Barnett et al. 1987; Hassler 
and Steinmetz 1987; Spetzler et al. 1987; Young et 
al. 1 994) or Doppler ultrasonography. They showed that 
the pressure is reduced in the pedicle feeding the AVM 
and that obliteration markedly elevates the pressure 
after AVM occlusion. Similar changes were measured 
during catheterization and embolization (Handa et 
al. 1993; Jungreis et al. 1989; Sorimachi et al. 1995). 
Young et al. (1994) showed that the transnidal pres- 
sure gradients were lower in larger AVMs. In the expe- 
rience of Sorimachi et al., the pressure was higher in 
pedicles feeding both the AVM and normal adjacent 
brain (Sorimachi et al. 1995). This is due to the fact 
that brain-supplying arteries have a higher resistance 
than AVM-feeding vessels. The authors concluded that 
the lower the feeder pressure, the more likely complica- 
tions are to occur, due to tremendous postembolization 
hemodynamic alterations. In contrast, Duckwiler et 
al. (1990), who performed pressure measurements in 
more than 250 pedicles in 100 patients, did not And 
any direct correlation between pressure changes and 
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risk of hemorrhage. The observation of pressure 
gradients >40 mmHg between feeding arteries and 
cervical arteries was highly suggestive of the presence 
of direct fistula associated with the AVM nidus. The 
hemodynamic changes expected from obliteration of 
different-sized AVM shunt fiows were estimated using 
a computational model (Gao et al. 1997). Three impor- 
tant issues became evident: First, the nonlinearity of 
the arterial pressure increase that occurs with gradual 
occlusion of the shunt at the feeding artery level can 
be expressed as the percentage of occlusion at half 
maximal pressure (% of fiow reduction to increased 
feeding artery pressure from baseline pretreatment 
level to a level mid-way to the final vascular pressure 
expected with complete occlusion of the shunt fiow). 
The percentage of occlusion at half maximal pressure 
increase was 92% for a large and 71% for a medium 
AVM model. This suggests that there might be a 
higher risk of increased pressure gradients (a) during 
final stages of embolization, (b) in the presence of a 
small AVM remnant post embolization or surgery, (c) 
during the final stage of radiosurgery. Second, pressure 
changes are relatively minor near the circle of Willis 
and much more profound approaching the nidus as the 
fiow shunt is decreased. Third, at a fixed fiow there is a 
buffering effect of direct fistula, such that higher-flow 
fistulas are exposed to smaller variations in intravas- 
cular pressure during manipulation of systemic arterial 
pressure. This means that the pressure changes to be 
expected in distal vascular structures close to the nidus 
wiU be proportionally less than changes in systemic 
pressure; the degree of proportionality depending on 
the magnitude of AVM shunt fiow. 

Intranidal Aneurysm Rupture. An APEH may happen 
due to the rupture of an intranidal aneurysm or 
false aneurysm after partial occlusion of the AVM. 
The likely increase in blood pressure in the feeding 
artery and part of the nidus not embolized is probably 
responsible for the APEH in some cases. This is why 
it is mandatory to precisely analyze the angioarchitec- 
ture of the nidus before deciding on the embolization 
strategy. First embolizations should focus on the weak- 
est compartment of the AVM. Small false aneurysms 
must be systematically researched on selective and 
superselective angiography and compared with CT 
scan and MRI (Figs. 3.6, 3.7). 

Tearing of Vessel Wall During Microcatheter Retrieval. 
Arteries may be damaged during microcatheter 
retrieval. Several conditions may favor the tearing 
and bleeding of vessel walls: very distal and tortuous 
catheterization, vasospasm of the catheterized pedicle. 



reflux of glue along the tip of the catheter, very small 
arterial feeders, choroidal feeders, looping of the cath- 
eter within artery. Such arterial damage is very rarely 
encountered with floppy flow-guided catheters. The 
safety of the use of intermediate catheters (good glid- 
ing properties but more rigid) has to be evaluated. 

Frequency of Acute Postembolization Hemorrhage. 
In the very early period of brain AVM embolization, 
procedures involved injection of Silastic spheres or 
silicone rubber. Kvam et al. (1980) were the first to 
report on postembolization hemorrhage. At the same 
time they made the excellent suggestion of staging 
the embolization in several steps to avoid abrupt 
dramatic changes in blood pressure. This recommen- 
dation should be kept in mind by all interventional 
neuroradiologists as the main way to decrease the rate 
of bleeding. Picard et al. (2001) did a recent review 
of the literature and presented the largest series ever 
published on APEH. In 18 series of brain AVM embo- 
lizations in which cases of spontaneous APEH were 
reported there were 58 (4.8%) APEHs among 1206 
patients. These series involved very different emboliza- 
tion techniques and embolic materials (pellets, IBCA, 
silk suture, PVA, NBC A). Considering only series with 
glue embolization, there were 31 (8.2%) APEH in 379 
patients (Bank et al. 1981; Debrun et al. 1982, 1997; 
Deruty et al. 1996; Fournier et al. 1991; Jafar et 
al. 1993; Lawton et al. 1995; Merland et al. 1986; 
Wallace et al. 1995). However, these publication are 
very inhomogeneous and almost obsolete in view of 
the tremendous changes in embolization techniques 
and devices seen in recent years. Debrun et al. (1997) 
reported a risk of 3.9% APEH per embolization (6/152) 
and 11% per patient. In a series of 283 patients, the 
risk of post-embolization subarachnoid hemorrhage 
and intraparenchymal hematoma was, respectively, 
3.1% and 2.1% (Vinuela 1992). The most recent 
publication from Picard et al. gives probably the 
most up-to-date rate of hemorrhagic complications 
using the intranidal injection technique as described 
above (Picard et al. 2001). They report a series of 564 
patients with brain AVMs; 492 (87%) were treated with 
intranidal injection in a total of 1569 procedures, with 
a mean embolization of three pedicles per procedure. 
The rate of APEH was 1% per embolization (15/1569) 
and 3% per patient (15/492). Of these 15 patients, 
only three had previously bled prior to treatment. 
Four patients were asymptomatic after hemorrhage 
(incidental discovery on systematic third- day CT 
scan), seven had excellent or good outcomes, two had 
fair outcomes, and two died. Severe morbidity and 
mortality combined was 0.8% (4/492 patients). 
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Basic Rules for Avoiding APEH. Several recommenda- 
tions for minimizing the risk of APEH may be high- 
lighted: Treatment should always be staged, except for 
grade I AVMs, in which aU the feeders as well as the ori- 
gins of draining veins can be occluded in one session. 
When the vein has to be preserved, the venous passage 
should be controlled by pausing for a few seconds when 
the glue reaches the vein before continuing to fill the 
nidus. Reflux along the tip of the catheter should be 
avoided. First embolizations should focus on weak 
points (intranidal aneurysms). Floppy fiow-guided 
catheters should be used in tortuous thin arteries. 

Management of APEH. Fike spontaneous hemorrhage, 
APEH may present with either no symptoms (inci- 
dental discovery on systematic post-embolization CT 
scan), headaches, or more aggressive symptoms with 
neurologic deficit or coma. APEH may occur during 
the procedure or within the following days. Prompt 
surgical evacuation of the hematoma is mandatory in 
case of mass effect and risk of herniation (Jafar and 
Rezai 1994). Some angiographic features may predict 
an increased risk of APEH: (a) occlusion or very slow 
flow of one of the major draining veins, (b) stagna- 
tion of contrast within the nidus, (c) almost complete 
occlusion of a small AVM with persistent tiny residual 
nidus, (d) occlusion of a large direct fistula within a 
nidus. In these instances it is necessary to treat the 
patient with antihypertensive drugs for several days 
after the procedure in the intensive care unit. The 
ability of induced systemic hypotension to prevent 
nidus rupture was analyzed by Massoud et al. (2000), 
using a theoretical model. The authors distinguished 
five hypothetical mechanisms for nidus hemorrhage: 
intranidal rerouting of blood pressure due to occlusion 
of direct fistula, extranidal rerouting of blood pressure 
(NPPB), occlusion of a draining vein, delayed throm- 
bosis of draining veins, and excessively high injection 
pressure during superselective catheterization. These 
different mechanisms had the same capacity to gen- 
erate surges in intranidal hemodynamic parameters, 
resulting in nidus rupture. Using their theoretical 
model, the authors showed that inducing systemic 
hypotension reduced the risk of hemorrhage whatever 
the mechanism involved. 

3.S.3.4 

Particular Instances 

AVM and Aneurysms. The association of brain AVMs 
and aneurysms has been discussed for many years 
in numerous papers. However, management of these 
cases is still controversial. The incidence of aneurysms 



associated with brain AVM reported in the literature 
ranges from 2.7% to 58% (Batjer et al. 1986; Brown 
et al. 1990; Cunha e Sa et al. 1992; Deruty et al. 1990; 
Nakahara et al. 1999; Redekop et al. 1998; Thompson 
et al. 1998; Turjman et al. 1994). This great discrep- 
ancies is due to the lack of uniformity in aneurysm 
classifications. In the series of Turjman et al. (1995b), 
58 of 100 consecutive patients presenting with brain 
AVM had associated aneurysms. They were classified 
as intranidal aneurysms (INA) in 25 cases and feeding 
artery aneurysms (FAA) in 38 cases. Many systems have 
been proposed to classify aneurysms associated with 
brain AVM, but a widely accepted system of classifica- 
tion based on their anatomic and pathophysiological 
relationship to the AVM has yet to be developed and 
validated. According to Redekop et al., aneurysms may 
be classified as intranidal or flow related when located 
along the course of arteries that eventually supply the 
nidus. These aneurysms were classified as proximal, if 
located at the usual topography of typical aneurysms, 
or as distal, if above the MCA bifurcation, anterior 
communicating, or first segment of posterior cerebral 
arteries. They are unrelated to AVM if occurring on 
arteries not supplying the AVM. Due to the absence of 
any reliable factors to assess whether the aneurysm is 
flow related or not, Piotin et al. (2001) simply classified 
aneurysms (except for intranidal aneurysms) depend- 
ing on their location as proximal or distal. Basically, 
it is necessary to differentiate between feeding artery 
aneurysms (FAA) and intranidal aneurysms (INA). 

Eeeding Artery Aneurysms. Three major papers 
reported the rate of FAA. The numbers of patients 
exhibiting FAA were 45 of 600 (7.5%) (Thompson 
et al. 1998), 71 of 632 (12%) (Redekop et al. 1998), 
and 30 of 270 (11%) (Piotin et al. 2001). Among the 
45 patients of Thompson et al., 23 (51%) presented 
with bleeding. Bleeding occurred from the AVM in 
15, from the aneurysm in five, and the source of 
bleeding could not be determined in three. Among 
the 71 patients of Redekop et al. (1998), 15 (21%) 
presented with bleeding from the AVM and 12 (17%) 
from the aneurysm. Among the 30 patients of Piotin 
et al. (2001), 15 (50%) presented with bleeding, which 
occurred from the AVM in three and from aneurysm in 
12. In this last series, only 66 of the 240 patients (27.5%) 
without aneurysm bled. The coexistence of AVM and 
aneurysms correlated significantly with intracranial 
hemorrhage at presentation. Similarly, Cunha e Sa et 
al. (1992) identified the source of hemorrhage as the 
aneurysm in 18 (46%) of 39 patients and as the AVM in 
13 (33%). According to Batjer et al. (1986), there were 
nine (41%) of 22 patients with hemorrhage and the 
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aneurysm was thought to be responsible for it in seven 
(78%) of these cases. Thus it is now obvious that in 
patients with both AVM and aneurysm either one may 
be the source of hemorrhage. However, Meisel et al. 
(2000) reported opposite results in a large series of 662 
patients with brain AVMs, in which 305 (46%) of them 
had either FAA or INA. Pretreatment hemorrhage 
occurred in 54.8% of the patients with aneurysms 
(56.8% in case of only FAA and 44% in case of FAA 
and INA). The bleeding rate among patients without 
aneurysm was 55%, suggesting that FAA are not the 
primary source of bleeding. The therapeutic strategy 
of the authors was based on a hypothesis stated in 1998 
(Lasjaunias et al. 1988) and consisted in targeting 
the embolization on AVM compartments harboring 
INA or compartments fed by arteries harboring FAA. 
Partial targeted embolization was performed in 450 
(68%) of the 662 patients; 138 (30.7%) of them had 
at least one FAA. Follow-up of 83 patients with 149 
FAAs showed 100% FAA shrinkage in 12 cases (8.1%), 
and more than 50% in 33 of the 149 FAAs (22%). No 
shrinkage was observed in 40 of the 102 (39%) FAAs 
with AVM occlusion of less than 50% and in 26 of 47 
(55.3%) FAA with AVM occlusion of more than 50%. 
The authors concluded that because the FAAs shrink 
and do not rupture during targeted AVM treatment 
they should be considered as indicators of high-flow 
angiopathic changes and that there is no evidence that 
they should be treated prior to AVM treatment. 

Because there is no consensus concerning treat- 
ment of AVM and associated aneurysms, we propose 
the following practical strategy: 

- In case of subarachnoid hemorrhage or parenchy- 
mal hematoma obviously related to FAA rupture, 
the aneurysm should be treated in emergency. 

- If the aneurysm is proximal on the arterial 
feeder it should be treated with coils as a 
regular aneurysm (Fig. 3.3). Treatment of these 
aneurysms maybe very tricky because of a large 
neck, high arterial flow, and very dysplastic, 
enlarged feeders. The remodeling technique 
described by Moret et al. (1997) may be very 
useful in these instances to ease coiling, control 
possible peroperative rupture, and perform 
dense packing of the neck. All pre-, per-, 
and postoperative care should be exactly the 
same as for regular aneurysms not associated 
with brain AVM, except for anticoagulation, 
which may be less deep due to less risk of 
thromboembolic complications. 

- If the aneurysm is distal on the arterial feeder 
treatment may be performed either with coils 
or with glue. Intra-aneurysmal glue injection 



was described for treatment of distal aneurysms 
without associated brain AVM (Cognard et al. 
1999). This technique may aim at occluding both 
the aneurysm and feeding artery or only the 
aneurysm, preserving the patency of the parent 
artery. There are several advantages to aneurysm 
glue occlusion compared with coiling: very distal 
catheterization is much easier and safer with a 
flow-guided catheter than with a catheter for coil 
delivery, and the risk of aneurysm rupture during 
embolization is very low, primarily because the 
glue is injected very slowly into the aneurysm 
and secondarily because no manipulation is 
required as it is for coiling. The major drawback 
of this technique is parent artery occlusion, 
which hinders further AVM embolization. We 
advocate the use of this technique only in cases 
of very distally located aneurysm in which 
occlusion of the parent vessel is not critical. 
To allow simultaneous treatment of both the 
aneurysm and the AVM, the treatment can be 
achieved by intranidal glue injection until there 
is a reflrrx along the tip of the catheter into the 
arterial feeder and aneurysmal sac. 

- In cases where the hemorrhage is clearly due to 
AVM rupture the treatment is aimed primarily at 
the AVM. The first embolization procedure maybe 
performed after the acute phase, as for ruptured 
brain AVM not associated with aneurysms. 

- In case the subarachnoid hemorrhage or paren- 
chymal hematoma cannot be obviously ascribed 
to FAA or AVM rupture, the aneurysm should be 
treated in emergency (Pucheu). The treatment 
should indeed focus on the lesion presenting the 
more important risk of rebleeding and likely more 
severe clinical consequences. 

- In cases without hemorrhage, indications for 
treating first the aneurysm or the AVM are highly 
controversial. FAA maybe regarded as a risk factor 
of bleeding that should be treated first, owing to 
the severe clinical consequences, or as high-flow 
angiopathic changes that may disappear after 
AVM occlusion. Two options may be proposed: 

- AVM nidus-staged, stepwise embolization. If 
this option is considered, the first embolization 
procedure should be targeted at compartments 
of the nidus fed by arteries harboring the 
aneurysm. Cases in which the aneurysm has not 
shrunk at follow-up, despite complete occlusion 
of the AVM, could be treated with coils. At this 
point, the treatment decision is as difficult to 
make as for unruptured regular aneurysm and 
depends basically on the aneurysm size. 
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- Selective aneurysm treatment to be performed 
first (Fig. 3. 3), the rationale for this option being 
that the morbidity and mortality associated 
with aneurysm hemorrhage are greater 
than those associated with AVM, and that 
the presence of the AVM downstream of the 
aneurysm protects against thromboembolic 
complications which could occur during 
aneurysm treatment, rendering the coiling 
very safe. 



In fact, it is not possible to elaborate a strategy of 
treatment based on a theoretical approach and treat- 
ment planning should be determined in each indi- 
vidual depending on many factors such as aneurysm 
location, size, neck, and morphology and nidus size 
and architecture. 

- Intranidal aneurysms (INA) are located within or in 
the immediate vicinity of the AVM nidus. They should 
be differentiated from “false or pseudoaneurysms” 
observed after an AVM rupture (Figs. 3.12-3.14). 





Fig. 3.12a-e. A 30-year-old man presenting with a Hunt and 
Hess grade I intraventricular hemorrhage within the left ven- 
tricular horn. Two- (a) and three-dimensional (b, c) left ver- 
tebral artery injections show a small AVM of the inferomedial 
temporal lobe with a large false hematoma. Embolization was 
performed in the acute phase due to the high risk of rebleed- 
ing. Superselective injection gives a more precise picture of the 
angioanatomy, with the false aneurysm located on the arterial 
side of the nidus (d). Glue Injection achieved complete oblit- 
eration of both aneurysm and nidus (e) 
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Fig. 3.13a-i. A 23-year-old man presenting with sudden head- 
aches and vomiting but no neurologic deficit or consciousness 
disturbance. CT scan shows right cerebellar hematoma with 
intraventricular rupture and moderate ventricular dilatation 
(a). Left vertebral artery injection in AP (b) and lateral (c) 
views shows an AVM of the right cerebellar hemisphere with 
compact nidus fed by the superior cerebellar artery. Early 
arterial phase shows a round intranidal structure which may 
correspond to either an intranidal aneurysm or a false aneu- 
rysm ,as well as the origin of the draining vein (d). Selective 
catheterization during embolization reveals that this round 
structure is located on the arterial side of the shunt and likely 
corresponds to a false aneurysm (e). Control angiograph 
obtained at the end of the first embolization shows efficient 
gluing of that structure (f, g). Follow-up angiography per- 
formed 3 months after the third embolization shows complete 
occlusion of the AVM (h, i) 
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Fig. 3.14a-d. A 43-year-old man presenting with an internal frontal hematoma with no neurologic deficit, only headaches and 
apraxia. Digital angiography in AP (a) and sagittal (b) projections performed 2 days after the hematoma occurred showed a 
small frontal superficial AVM fed by very small branches arising from the “en passage” posteromedial frontal artery. A small 
aneurysm is visible in the medial aspect of the nidus. Due to the unfavorable angioarchitecture no embolization was performed. 
Due to the large size of the hematoma and very small size of the AVM, surgery was not considered in the acute phase considering 
the likely difficulty of finding the AVM. At follow-up 2 months later, angiography in AP (c) and sagittal (d) projections showed 
disappearance of the aneurysm. Such spontaneous aneurysm regression is consistent with the diagnosis of false aneurysm 



These pseudoaneurysms are supposed to corre- 
spond to an unclotted portion of the hematoma still 
communicating with the vessel lumen. Pseudoan- 
eurysms should be suspected in the presence of a 
vascular cavity, usually of irregular shape, within or 
at the periphery of the hematoma (Fig. 3.6). Never- 
theless, it is impossible to accurately determine in 
the case of AVM rupture whether the lesion is a true 
or a false aneurysm. Garcia-Monaco et al. (1993) 
reported 15 cases of pseudoaneurysm in a popula- 
tion of 189 patients with brain AVMs. Eight of the 
nine cases not treated by embolization or surgery 
had resolved at follow-up angiography. None of the 
pseudoaneurysms was confirmed histologically. 
Marks et al. (1992) reported 15 patients with INA 



detected after AVM rupture. In two of the three 
patients operated on the aneurysms were located in 
the pathological specimens. Histological evaluation 
demonstrated these aneurysms to be thin-walled 
vascular structures rather than pseudoaneruysms 
due to AVM rupture. In fact, the acquired nature of 
a pseudoaneruysm secondary to AVM rupture can 
be asserted only when comparison with available 
pre-hemorrhage angiography confirms the aneu- 
rysm as a new angioarchitectural feature. However, 
even though it is almost impossible to differentiate 
between INA and pseudoaneruysms, both lesions 
should be considered risk factors for acute rebleed- 
ing. That risk was 11% in a small series of supposed 
pseudoaneurysms (Garcia-monaco et al. 1993) 
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and 1 1% in a large series of INA (Meisel et al. 2000). 

The therapeutic planning concerning INA may be 

the following: 

- Where a pseudoaneurysm or a false aneurysm 
is responsible for the hemorrhage, the first 
step of embolization must be performed in the 
acute phase and should focus on aneurysm 
occlusion (Figs. 3.12, 3.13). Superselective angio- 
graphy performed with the fiow-guided catheter 
must be done to understand which feeding 
artery is supplying the compartment of the 
nidus harboring the INA (Fig. 3.6). Catheter 
progression within the desired vessel should be 
performed as usual but with minimal injection of 
contrast material (Garcia-Monaco et al. 1993). 
Overinjection of fluid may exert a significant 
strain on the false aneurysm and increase the 
risk of rupture. A wedge position of the tip of the 
catheter may produce rebleeding as well, because 
the injection force is directly transmitted to the 
pseudoaneurysm (Lasjaunias et al. 1988). Glue 
embolization is performed as usual, with the 
aim of occluding the nidus and aneurysm at the 
same shot. 

- In case of unruptured AVM associated with INA 
or ruptured AVM with INA not responsible for 
the bleeding, there is no need to perform the 
treatment in the acute phase. The first emboliz- 
ation procedure should be performed several 
weeks after bleeding and must be targeted at the 
compartment of the AVM harboring the INA. 

Direct Arteriovenous Fistulas. Direct communica- 
tion between arteries and veins without interposed 
nidus may be observed. Two types of direct AVF 
must be distinguished, pial AVF and AVF within a 
brain AVM nidus. 

The two major types of pial AVF are vein of Galen 
aneurysmal malformations (VGAMs) located in the 
subarachnoid space, and direct AVF (brain AVFs) 
between cortical arteries and pial veins located in 
the subpial space (Lasjaunias and Berenstein 
1993b). VGAMs are encountered mainly in neonates 
and children and correspond to a separated entity 
with specific embryology, physiopathology, clini- 
cal presentation, and treatment strategy. Therefore, 
they will not be treated in this chapter. Brain AVFs 
may present in children with systemic manifestation 
due to high-fiow shunt with congestive heart failure 
or failure to thrive. They may also present in adults 
with the same symptoms as brain AVMs. Because 
they are very rare, there is no large series published 
in the literature concerning their rate of bleeding 



and rebleeding and specific treatment. Nevertheless, 
treatment consists in occluding the arteriovenous 
shunt itself. This may be attained by glue injection 
or parent artery coil occlusion. The best therapeutic 
option is shunt gluing, because it allows complete 
occlusion of the AV communication from the arte- 
rial side to the origin of the vein. Catheterization is 
often easy with regard to the dilatation of the feeding 
vessel, even though the shunt is very distal. The tip of 
the catheter is aspirated in the venous system and has 
to be pulled back in the arterial side if possible, in a 
curve of the feeding artery, to obtain better control of 
the glue injection. The operator should not give too 
much slack to the catheter, which could, under these 
conditions, progress during the injection of glue into 
the veins and result in total absence of control of glue 
deposition, with no arterial embolization but venous 
occlusion and consequent bleeding. The injection of 
a concentrated mixture of glue and Lipiodol has to be 
as slow as possible to avoid formation of small drops 
of glue flowing into the veins. After progressive infla- 
tion of the kernel of glue from the artery to the foot 
of the vein, the operator should stop the injection and 
wait several seconds for glue polymerization before 
withdrawing the catheter. Removal of the catheter 
too early may result in more or less fast progression 
of the kernel of glue to the veins. This technique, 
however, requires experience with glue injection 
and maybe dangerous if uncontrolled. This is why in 
some instances the shunt may be occluded with coils. 
A floppy catheter with a very small diameter should 
be used to avoid arterial damage (Fig. 3.15). Small 
three-dimensional soft coils should be used to per- 
form dense packing on a short arterial segment and 
avoid occlusion of normal adjacent arteries. 

Intranidal Direct Fistulas. The angioarchitecture of 
brain AVM may sometimes associate usual nidus 
and direct fistulas. True AVFs are recognized when 
the tip of the catheter reaches the origin of the vein 
during superselective catheterization (Fig. 3.16). In 
contrast, very rapid opacification of the foot of the 
vein after opacification of a very short arterial seg- 
ment should not be considered as an AVF but as a 
very distal intranidal catheterization (Figs. 3.4, 3.10). 
When a true AVF is encountered within a brain AVM 
nidus the problem is to determine which compart- 
ment should be the first target of the treatment. The 
abrupt occlusion of an intranidal fistula may result 
in rerouting of significantly high shunting blood flow 
through delicate plexiform portions of the nidus 
and subsequent immediate rupture (Fig. 3.16). The 
hypothesis that partial nidus embolization causes 
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Fig. 3.15a-e. A 35-year-old woman who presented in an 
acute coma due to a subdural and parenchymal occipital 
hematoma. Emergency surgery was performed following 
diagnostic angiography, which disclosed a pial AV fistula. The 
patient rebled during surgery, which made it possible only to 
evacuate the hematomas, but fistula occlusion could not be 
done. Embolization was performed the following day. Internal 
carotid injection shows the direct fistula between the temporo- 
occipital artery and a dysplastic dilated cortical vein (a, b). 
Because the operator did not feel confident about treating the 
direct high-flow AV fistula with glue, embolization with coils 
was performed; a poor packing of coils was achieved (c) but 
there was immediate occlusion of the shunt (d). Three-month 
follow-up angiography confirmed the complete occlusion (e) 



Fig. 3.16a-i. A 57-year-old man who presented with a frontal hematoma (grade II, Hunt and Hess). Left internal carotid angi- 
ography in lateral (a, b) and AP (c, d) views done on day 2 after bleeding showed a large brain AVM with very dilated feeding 
arteries and draining veins. Such dilatation of the feeding arteries indicates the presence of direct AV fistula shunts within the 
nidus. Superselective catheterization was performed, showing multiple direct fistulas but no true nidus (e). Injection of glue in 
these very high flow shunts was considered too hazardous. Catheterization of the origin of the feeding vessels with a nondetach- 
able balloon catheter allowed much better control of the glue injection by balloon inflation (f). Two injections were performed, 
which occluded several direct shunts (g, h). The patient awoke from anesthesia in the same clinical status as before treatment. 
Three hours later he became hemiplegic, then comatose. CT scan showed a wide, deep, left hematoma with ventricular rupture 
(i). The patient died several hours later. Dramatic modification of the hemodynamics due to sudden occlusion of several fistulas 
with increased pressure in residual feeders and shunts is the most likely explanation for such bleeding. Nevertheless, although 
the nidus should theoretically be considered the first target in case of direct AV fistula, recognition and catheterization of the 
nidus itself is almost impossible because the catheter is systematically aspirated through the direct fistula 
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upstream pressure elevation in arterial feeders and 
that pressure increase is transmitted to persistently 
unobliterated portions of the nidus producing a risk 
of nidus rupture was evaluated with a theoretical 
model (Massoud et al. 2000). Intranidal rerouting 
of blood pressure due to occlusion of a direct fistula 
generated surges in intranidal hemodynamic param- 
eters, resulting in nidus rupture. In the same way, a 
computational model analysis showed that direct 
fistulas have a buffering effect, so that their abrupt 
occlusion may produce an increased pressure gradi- 
ent in the nonembolized arteries and related nidus 
(Gao et al. 1997). There is a theoretically higher risk 
of occluding a direct fistula before nidus occlusion, 
and the strategy might be to focus in the first embo- 
lization procedure on the nidus and keep the direct 
AVF open until the end of the treatment. The other 
reason for this strategy is that, by definition, direct 
AVFs give access to the vein, and if a direct AVF is 
embolized at the end of nidus embolization it may 
allow venous gluing and complete cure of the AVM. In 
contrast, if the AVF is treated first there is an impor- 
tant risk of inadvertent venous gluing and occlusion 
with a major risk of nidus rupture. The major draw- 
back of this strategy is that it is sometimes almost 
impossible to understand the angioarchitecture of 
the nidus when a direct AVF is associated with it. 
The occlusion of a direct AVF first rapidly clarifies 
the angioarchitecture of the nidus. Besides, because 
pedicles feeding AVFs are larger and have a higher 
flow, fiow-guided catheters are systematically aspi- 
rated by the direct AVF and feeders of the nidus itself 
are almost impossible to catheterize. 

3.S.3.5 

Goals and Results 

Goals 

The goal of treating brain AVMs is first to eliminate 
the risk of hemorrhage and then to completely elimi- 
nate the AVM. Complete cure must be defined as com- 
plete disappearance of the nidus and absence of early 
venous drainage (Figs. 3.4, 3.10, 3.12, 3.13, 3.15). To 
attain that goal a multidisciplinary strategy must be 
decided on by the neuroradiologist, neurosurgeons, 
and the radiotherapist. If embolization is considered 
as the first step of the therapeutic strategy, its goal is 
to occlude the AVM or to decrease its size as much 
as possible, because occlusion and complication rates 
after radiosurgery are closely related to the size of the 
residual AVM. Embolization should aim obtaining a 
single residual nidus and avoid spreading the AVM 



in multiple separated residual nidus compartments 
(Fig. 3.11). For this reason, each embolization should 
be targeted at specific compartments of the nidus to 
try to occlude the AVM from the periphery to the 
center. We consider the embolization completed when 
further catheterization and glue injection is no more 
possible (too thin or tortuous pedicles, or pedicles 
feeding the AVM through arterio-arterial anastomo- 
sis). At that time, depending on the final result of 
embolization, radiosurgery or surgery is performed 
to obtain complete occlusion of the AVM. 

In some instances, complete cure is deemed impos- 
sible despite a combined technique. Partial treatment 
can yet be indicated in some cases: (a) to cure a weak 
point of the AVM such as a false aneurysm, intranidal 
aneurysms, or large feeding artery aneurysms (Fig. 3.6); 
(b) to improve the clinical symptoms in case of a large 
AVM presenting with progressive neurologic deficits 
(Fox 1997). 

The efficacy of partial embolization to improve 
the condition of patients with intractable seizures 
has never been proved, and such embolization 
should not be performed owing to the risk induced 
by repeated embolization with no evidence of ben- 
efits. In the same way, the efficacy of partial embo- 
lization to reduce the risk of bleeding has not been 
proved. On the contrary, the computational model 
from Gao et al. suggests that there might be a higher 
risk of increased pressure gradients and subsequent 
risk of bleeding during final stages of embolization 
(Gao et al. 1997). Partial embolization with the aim 
of reducing the risk of bleeding should therefore not 
be performed. 

Results 

Several factors make it impossible to accurately 
evaluate the results of brain AVM embolization:(a) 
the tremendous variety of embolic agents used; (b) 
considering only glue embolization, the extreme 
variety of techniques used (pedicle versus intranidal 
embolization) and the very rapid evolution of catheter 
technology and changes in operator experience and 
skill, along with technological improvement; (c) the 
very different methods of patient selection (nonsurgi- 
cal brain AVMs with series reporting only grade III- V 
AVM, versus series in which embolization is indicated 
as the first treatment step before surgery or radiosur- 
gery); (d) the different goals of treatment (presurgical 
embolization aimed at reducing the flow, versus cura- 
tive embolization aimed at definitely occluding the 
AVM). Neurosurgeons are right when they claim that 
no large series with good methodology can accurately 
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evaluate the results of current brain AVM embolization. 
In a meta- analysis, Frizzel and co-workers reviewed 
the past 35 years of brain AVM embolization (32 series, 
1246 patients) (Frizzel and Fisher 1995). This study 
having been published in 1995, aU the reviewed papers 
concerned almost obsolete embolization techniques 
and certainly do not reflect the current embolization 
techniques and results. Embolization resulted in AVM 
cure in only 5%. Permanent morbidity was 9% and 
mortality 2%-l%. Ten years ago, complete occlusion 
of a brain AVM was supposed to be possible only in 
case of a small single pedicle AVM (Pelz et al. 1988; 
Berthelsen et al. 1990). In addition, these authors 
reported a case of complete obliterated AVM with a 
later recanalization, suggesting what is stiU in the mind 
of many neurosurgeons - that glue embolization does 
not provide long-term occlusion of brain AVMs. More 
recent, though still obsolete, series reported cure rates 
of 10%-20% including large lesions (Berenstein and 
Choi 1988; Grzyska et al. 1993; Guo et al. 1993). A 
cure rate of 70% has been reported for small lesions 
(Berenstein and Choi 1988). Three small series 
reported much better results with cure rates of more 
than 50% (Samson et al. 1981; Nakstad et al. 1992; 
Wilms et al. 1993). Nevertheless, these results are quite 
surprising with regard to the embolization material 
used and no details are available concerning AVM 
characteristics. Wikholm et al. (1996) reported, for 
150 patients treated, a cure rate of 13% with a mortal- 
ity of 1.3% and severe morbidity of 6.7%. However, in 
this series the referred patients were selected by the 
neurosurgeons, creating a recruitment bias favoring 
left side and eloquent-located AVMs as well as high 
Spetzler-Martin grades (85% of the AVMs were grade 
III-V). Much better but still unpublished results 
include an obliteration rate by embolization alone of 
33% (138/419 patients) (Picard et al. 1999). 

The long-term stability of nidus occlusion with 
glue has been a matter of debate for many years; 
some authors have raised questions about the danger 
of revascularization. This concern was based on two 
different observations: (a) that revascularization of a 
nidus may occur after incomplete occlusion of large 
brain AVM (Vinters et al. 1986; Vinuela et al. 1986), 
(b) the long-term resorption of cyanoacrylate cast 
(Rao et al. 1989). The first finding of revascularization 
of the nidus due to development of extensive collater- 
als after incomplete occlusion of large brain AVM has 
been correlated to the proximity of the deposition of 
the embolic material (Vinuela et al. 1986; Fournier 
et al. 1990). This phenomenon is well recognized today 
as being secondary to too proximal occlusion of the 
feeding vessel without intranidal gluing. The proxi- 



mal occlusion favors extensive collateral recruitment 
to supply the nidus, which may be misinterpreted as 
recanalization due to poor long-term efficacy of the 
glue itself (Fig. 3.17). However, it is certain today that 
when complete occlusion is obtained by intranidal 
injection the result is permanent (Wikholm et al. 
1995). However, complete disappearance of any nidus 
and draining vein immediately after embolization 
does not always predict definitive occlusion, which can 
be ascertained only on angiography at several months’ 
foUow-up (Fig. 3. 18). The second observation, concern- 
ing resorption of the glue at follow-up angiography 
(Rao et al. 1989) is a constant phenomenon (Fig. 3.19). 
Long-term follow-up of embolized brain AVM, what- 
ever the result (cured or not cured), always shows a 
progressive disappearance of the cast of glue. The 
reason why the glue is less and less visible over years is 
still not clear. A chronic inflammatory response with 
varying degrees of collagenization, fibrosis, and mild 
lymphohistiocytic inflltrates with an indistinct layer 
of normal vessel walls were observed on light micros- 
copy (Kish et al. 1983; Vinters et al. 1985). The giant 
cell reaction is confined to the vessel lumen, without 
any reaction in the media or adventitia (Freeny et al. 
1979; Vinters et al. 1986). The most likely mechanism 
to explain the progressive decreased density of the cast 
is intracellular phagocytosis of bucrylates or Lipiodol. 

3.S.3.6 

Intranidal Embolization with Nonadhesive Liquid 
Embolic Agents 

A nonadhesive liquid polymer was recently devel- 
oped (Onyx, Micro Therapeutics, Inc., Irvine, Calif.) 
(Taki et al. 1990; Murayama et al. 1998). Onyx is 
made of a mixture of ethylene-vinyl alcohol copoly- 
mer (EVOH) and dimethyl sulfoxide (DMSO). EVOH 
is a copolymer of polyethylene and polyvinyl alcohol. 
Polyethylene was used for artificial joint implanta- 
tion and polyvinyl alcohol constituted the particles of 
PVA used for embolization. The EVOH is dissolved in 
the DMSO at three different concentrations: 6% (with 
6% copolymer and 94% solvent), 6.5%, and —8%. A 
low concentration ( 6%) is less viscous and can allow 
more distal nidal penetration. The mixture is made 
opaque with tantalum powder. Onyx is supplied in 
prepared vials that must be kept on a specific shaker 
for at least 20 min prior to its injection to avoid tan- 
talum settlement and poor opacity. Only catheters 
compatible with DMSO can be used (Flowrider, 
Ultraflow, Micro Therapeutics, Inc., Irvine, Calif.). 
The main advantage of a nonadhesive liquid is that 
it theoretically eliminates the risk of gluing the cath- 
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Fig. 3.17a-g. An 18-year-old woman presenting with a 3-year history of intractable seizures despite adapted therapy. Right 
internal carotid injection in lateral (a, b) and AP (c, d) views show a large frontoparietal medial AVM, fed mainly by frontal 
branches of the anterior cerebral artery, as well as by a leptomeningeal anastomosis arising from distal branches of middle 
cerebral arteries. Final angiography obtained after four procedures shows important nidus remnant due to too proximal embo- 
lization of feeding pedicles from the anterior cerebral artery branches and opacification of the distal aspect of these embolized 
arteries by the pial anastomosis from middle cerebral artery branches (e-g). Embolization through these anastomoses should 
never be performed in view of the certain subsequent neurologic deficit 



eter and makes it possible to perform a more durable 
injection, with a larger amount of agent delivered in 
a single injection. Taki et al. first described the use 
of Onyx in cerebral AVM (Goto et al. 1991; Taki et 
al. 1990; Terada et al. 1991; Yamashita et al. 1994; 
Murayama et al. 1999). Onyx was used in 23 patients, 
achieving an average of 63% volume reduction after 
a total of 129 arterial feeder embolizations (Jahan et 
al. 2001). Morbidity was 4% permanent deficits and 
no death. No complete cure was obtained. Eleven 
patients were subsequently operated on. Histopath- 
ologic study showed infiammatory changes as well 
as angionecrosis of embolized vessels in two cases. 
Onyx has some advantages and some drawbacks to 
its use in AVMs: 

Advantages 

The major advantage to the use of Onyx compared 
with cyanoacrylates is the ease of injection. The 
catheter should be placed in the same wedge situ- 
ation as for intranidal glue injection. The injection 
should be very slow, as well. It may be stopped for a 
few seconds or minutes to wait for precipitation of 
Onyx, and then resumed. Control angiography may 
be performed during Onyx injection for a better 
understanding of material progression and of nidus 
and vein occlusion. Onyx always behaves as a column, 
and the formation of small drops flowing into the 
vein that may be seen when glue is injected too fast 
never occurs. The injection may last for several min- 
utes or even tens of minutes. The total amount of 
Onyx injected at one time in one single pedicle may 
therefore be more important than with glue. It may 
reduce the number of catheters used and the total 
number of procedures needed to achieve a complete 
cure of the AVM. The other major advantage is that 
because injection is more prolonged and the deci- 
sion to stop or continue the injection does not have 
to be made immediately, as it does for glue injection, 
the training of young neuroradiologists to perform 
Onyx injection is much easier than the mastering of 
glue injection. 



Disadvantages 

The toxicity of DMSO has been discussed in a few 
reports (Chaloupka et al. 1994; Sampei 1996; 
Murayama et al. 1998; Chaloupka et al. 1999). 
The first paper of Chaloupka et al. emphasized 
the risk of severe vasospasm after injection of 0.8 
ml EVOH and DMSO in the swine rete mirabile with 
subsequent infarction. Injection of 0.5 ml resulted in 
delayed (7-14 days) subarachnoid hemorrhage with 
angionecrosis on histology and arterial microaneu- 
rysms. Two other studies reexamined this toxicity 
and concluded that the two major points are contact 
time with the arterial wall and volume of injection 
(Murayama et al. 1998; Chaloupka et al. 1999). 
Finally, it has been proved that injection of 0.3 ml 
for 40 s produced neither vasospasm nor angione- 
crosis. The protocol of injection is as follows; Prior 
to injection the microcatheter is flushed with 5 ml 
normal saline. Then 0.25 ml DMSO is injected over 
more than 40 s for dead space catheter filling. Onyx is 
then injected slowly (Jahan et al. 2001 ). Nevertheless, 
despite the fact that this protocol was used in all the 
23 patients treated, histology showed angionecrosis 
of many vessels in two of four patients operated on 
1 day after embolization. Consequently, there is still 
some question of a likely toxicity of DMSO. One 
issue may be that because of the wedge position of 
the catheter, there might be a stagnation of DMSO 
in the pedicle and nidus, with prolonged contact of 
DMSO with the vessel wall and risk of necrosis. 

At the beginning of injection there is frequently a 
reflux of Onyx along the tip of the catheter. The injec- 
tion must be stopped and resumed a few seconds or 
minutes later until a progression within the nidus is 
observed. As soon as it has precipitated around the 
tip of the catheter, the Onyx tends to open different 
compartments of the nidus and the injection may 
be prolonged. This technique carries two risks: the 
occlusion of an adjacent normal branch due to reflux 
of Onyx in the feeding pedicle; gluing of the tip of 
the catheter because of a very prolonged injection. 
Although the Onyx is not adhesive, catheter with- 
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Fig. 3.18a-g. A 28-year-old who presented with a huge cerebellar hematoma 
with headaches, diplopia, and consciousness disturbances but no deficit (a). 
Right vertebral Injection shows a vermian AVM fed by both superior cer- 
ebellar arteries with a compact nidus draining into a single vermian vein 
presenting extensive ectasia, probably corresponding to the rupture site (b, 
c). Control angiography obtained at the end of the two sessions of emboliza- 
tion showed the cast of Histoacryl (d, e) and complete occlusion of the AVM 
(f). Follow-up angiography at 3 months showed a residual nidus and early 
venous drainage (g). The patient was treated with radiosurgery 
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Fig. 3.19a-d. Large 
parietal AVM. Cast of 
glue obtained after 
two embolizations, 

AP and lateral view 
(a, b). The patient was 
lost to follow-up for 3 
years. Nonsubtracted 
images obtained at 
the beginning of the 
third procedure of 
embolization show 
almost complete 
resorption of the cast 
of glue (c, d) 
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drawal may be difficult and result in either gluing or 
breaking of the catheter, or stretching and rupture of 
the AVM and artery. Very prolonged injection with 
serious reflux along the catheter tip should be uncon- 
ditionally avoided. 

One of the major advantages of Onyx is that a 
large volume may be introduced in one single cath- 
eter injection. However, there is a risk of hemorrhage. 
The operator may be temped to occlude a very large 
portion of the nidus in one procedure. Many years 
ago it was proven that staged embolization aimed 
at reducing the nidus in several sessions is manda- 
tory to progressively modify the flow dynamic. Very 
sudden and large-scale occlusion of the nidus surely 
increases the risk of postprocedural hemorrhage, as 
discussed above. 

There are still two situations in which Onyx should 
not be used today: direct fistula, in which the Onyx 
cannot occlude a high-flow large shunt because it is 
not adhesive, and a feeding pedicle “en passage”, in 
which reflux on the tip of the catheter is not allowed 
due to major risk of normal vessel occlusion. 

3.5.4 

Therapeutic Strategy 

It is extremely difficult to establish a therapeutic 
algorithm for brain AVM. The indication for treat- 
ment basically depends on: 

- Clinical presentation (hemorrhage or not) 

- Patient age 

- Natural risk, roughly evaluated by the presence or 
not of likely risk factors of bleeding (associated 
aneurysm or false aneurysm, venous stenosis or 
ectasia) 

- AVM size, location (superficial or deep, eloquent or 
not) and angioarchitecture (compact or diffuse) 
The goal of treatment maybe: 

- Definitive complete obliteration to protect from 
hemorrhage 

- Partially targeted treatment (embolization) to 
eliminate risk factors of bleeding/rebleeding 
(feeding artery aneurysms, intranidal aneurysms, 
false aneurysms) 

- Partial treatment in case of AVM presenting with 
worsening neurologic deficits (although the effi- 
cacy of such treatment is yet to be proven) 

Partial treatment should not be performed to: 

- Decrease bleeding risk, because even subtotal ther- 
apy does not confer protection from hemorrhage 

- Improve seizures, because of treatment-induced 
risks and unproved efficiency 



The indication for treatment, goal of treatment, 
and therapeutic strategy should be decided on by 
an experienced multidisciplinary team in agreement 
with the patient, who has been precisely informed of 
natural and therapeutic risks. Multimodality treat- 
ment is frequently performed - either as a planned 
maneuver, typically with embolization followed by 
radiosurgery or surgery, or as an unplanned maneu- 
ver when one modality fails and a second modality 
is required for complete obliteration. Goals of the 
different modalities should be clear at the outset. In 
our experience, embolization is the first-intention 
approach in the vast majority of the patients, fol- 
lowed by either surgery or radiosurgery. Neverthe- 
less, because of the extreme variability of resources 
available in any one area of the country or world, as 
well as very different skills and experience on the 
part of neurosurgeons and interventional neurora- 
diologists, it is impossible to draft any recommenda- 
tions about strategy itself Because there is almost 
never a need for brain AVM treatment in emergency 
(as opposed to aneurysm treatment), patients with 
brain AVMs should be sent to very specialized and 
experienced centers that can afford the most up-to- 
date multimodality therapy. 
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4.1 

Pathology 

4.1.1 

Definition 

Dural arteriovenous malformations (DAVMs), first 
described by Sachs and Tonnis (Aminoff 1973), 
are defined as abnormal connections (“shunts”) 
between the arterial and the venous side of the vas- 
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cular tree located on the surface of the dura mater. 
Arterial supply is provided by meningeal branches, 
and either dural sinuses or meningeal or subarach- 
noid veins drain the lesions. By definition, DAVMs 
are located within the dura, most frequently on the 
wall of or immediately around the venous sinuses 
(Fig. 4.1a). The currently used terminology is not 
uniform. The term malformation is used to express 
the frequent “spontaneous” etiology of these lesions 
and to describe similarities with brain or spine 
arteriovenous malformations (AVM). However, this 
term involves the developmental origin of the lesion, 
which is probably not the case with DAVM. While 
some of them are connatal, the majority seem to be 
acquired. To avoid confusion, many authors use the 
term dural arteriovenous fistula (DAVF). This maybe 
more appropriate concerning etiology, but it implies 
a single type of morphology (fistula) and therefore is 
less adequate in this regard. As of today, both terms 
are used in the literature without indicating either a 
certain etiologic origin or a particular angioarchitec- 
ture of the lesion. In this chapter, the term DAVM will 
be used as the general name of the pathology. 

4.1.2 

Etiology, Pathogenesis 

Dural AVMs are relatively rare lesions, constitut- 
ing approximately 10%-15% of all intracranial 
vascular malformations (Newton and Cronqvist 
1969). Originally, these lesions were thought to be 
congenital (Aminoff 1973). Coincidence with other 
vascular anomalies, such as aneurysms (Kaech et 
al. 1987; Murai et al. 1999; Friedman et al. 2000; 
Suzuki et al. 2000), intradural arteriovenous fistulae 
(Ratliee and Voorhies 1999), brain arteriovenous 
AVM (Lasjaunias and Berenstein 1987; Yamada et 
al. 1993) and others (Hieshima et al. 1977; Yamada 
et al. 1993) has also been reported, pointing towards 
a congenital origin of the lesions. 

However, many DAVMs have been proved to be 
acquired. It is hypothesized that DAVMs develop 
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Fig.4.1a-e. Pathomorphology of dural arteriovenous malformations, a Selec- 
tive digital subtraction angiography (DSA) of a DAVM (asterisk) involving the 
sigmoid sinus on the left. Left occipital artery injection (arrow), anteroposte- 
rior (AP) view. The DAVM is drained by the ipsilateral jugular vein (broken 
arrow), b Macroscopic image of the same DAVM taken during autopsy. The 
sigmoid sinus on the left is opened (arrow). Spongy, fibrous material (broken 
arrow) fills the lumen of the involved segment of the sinus, c Lumen of the 
sigmoid sinus following removal of the fibrous material, d Microscopic sec- 
tion of the spongy tissue removed from the sinus, demonstrating multiple 
cross sections of thin-walled sinusoidal vascular structures (arrows) within 
fibrous proliferating tissue (hematoxylin-eosin stain, -1-40). e Cross section of 
a large vessel with irregular elastic laminae (arrowheads). The lumen is filled 
with organizing thrombus, containing cross sections of newly formed blood 
vessels (arrows) representing neovascularization 




either (1) by opening of existing microshunts within 
the dura or (2) by angioneogenesis, leading to the 
development of new shunts. The triggering factor 
for the development of DAVM is thought to be a 
change of the normal arteriovenous pressure gradi- 
ent within the dura. Either elevation of the arterial 
pressure (arterial hypertension) or increase of the 
venous pressure (venous obstruction) may dilate 
existing arteriovenous communications, leading 
to hemodynamically significant shunts. While the 



predisposing factor for the development of a per- 
manent DAVM remains unknown, several events 
may increase the venous pressure and serve as a 
trigger. These include developmental anomalies of 
the venous system, venous thrombosis, head trauma, 
or transcranial surgery (Watanabe et al. 1984). It is 
presumed that head trauma caused by either sur- 
gery or injury may induce venous thrombosis or at 
least alteration of the venous outfiow, subsequently 
resulting in changes of the arteriovenous pressure 
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gradient (Lasjaunias and Berenstein 1987). The 
frequent coincidence of DAVMs with previous major 
surgery (other than transcranial) and child delivery 
suggests that increased systemic thrombotic activity 
may serve as a trigger, too. Dural AVMs occurring 
in association with pregnancy and the menopausal 
period suggest that hormonal changes may also play 
a role, potentially by inducing increased angiogenesis 
(Djindjan and Merland 1978). 

4.1. 2.1 

Venous Occlusive Disease 

Dural AVMs are frequently associated with stenosis 
or occlusion of the draining dural sinuses (Djindjan 
and Merland 1978). In 1979, Houser reported two 
cases of DAVM that developed years after docu- 
mented sinus thrombosis (Houser et al. 1979). Later, 
Chaudhary demonstrated the development of DAVM 
in patients following head trauma (Chaudhary et al. 
1982). They proposed that sinus thrombosis might 
be the primary factor leading to the development of 
a DAVM. During the normal recanalization process, 
arteries within the sinus wall penetrate the intralu- 
minal organizing thrombus, establishing a communi- 
cation between mural arteries and the lumen of the 
sinus. A number of publications have since reported 
association of sinus thrombosis or sinus occlusive 
disease and DAVM (Al-Meety et al. 1986; Convers 
et al. 1986; Barnwell et al. 1991; Pierot et al. 1993; 
CoGNARD et al. 1998). Significant controversy exists, 
however, as to whether thrombosis is the cause or the 
result of DAVM. 

Some observations suggest that dural sinus throm- 
bosis is the primary factor leading to the development 
of DAVM. This hypothesis seems to be substantiated 
by findings related to increased thrombotic activity 
in some patients. Prothrombin gene mutation was 
found in a patient who developed sinus thrombosis 
and later DAVM (Singh et al. 2001). The most fre- 
quent cause of venous thrombotic disease, resistance 
to activated protein C (APCR),was detected with sig- 
nificantly higher prevalence in patients with DAVM 
as compared with normal controls. In addition, factor 
V Leyden was found in these patients as a result of a 
mutation in factor V gene (Kraus et al. 1998, 2000). 

On the other hand, several studies have reported 
nonthrombotic occlusion of the dural sinuses as the 
primary cause in the pathogenetic process. Occlu- 
sion of the sinuses due to the direct compression 
of tumors (Arnautovic et al. 1998) or due to the 
surgical sacrifice of the sinus during tumor removal 
may equally result in development of DAVM as late as 



up to 7 years following surgery (Sakaki et al. 1996). 
These later findings suggest that venous congestion 
and hypertension, rather than sinus thrombosis, 
lead to dural AV shunts. To check this assumption a 
number of animal experiments were recently carried 
out. In rats, surgically induced venous hypertension 
by artificial carotid-jugular fistula and proximal 
jugular vein ligation resulted in development of arte- 
riovenous malformations, one of them located on a 
dural sinus (Terada et al. 1994). A combination of 
significant (three- to sixfold) increase of the venous 
pressure (by ligation of the draining vein of the 
transverse sinus) and artificially induced superior 
sagittal sinus thrombosis resulted in arteriovenous 
fistulae that developed within the dura near the 
thrombosed section of the sinus. However, a direct 
connection between the fistula and the thrombus was 
found in only half of the cases (Herman et al. 1995). 
In another series of experiments, superior sagittal 
sinus thrombosis was induced in all animals, with 
or without venous hypertension. Angiogenic activ- 
ity of the dura mater adjacent to the thrombosed 
section of the sinus was tested and found to be 
positively correlated with venous hypertension but 
was not correlated with sinus thrombosis. Develop- 
ment of dural AV fistulae correlated positively with 
both venous hypertension and increased angiogenic 
activity, suggesting that venous hypertension is the 
primary etiologic factor in the development of DAVM 
(Lawton et al. 1997). Evidence of increased angio- 
genic activity was found in association with DAVM 
in human beings, too. Surgically excised specimens 
were studied that had been removed from patients 
harboring DAVMs associated with sinus thrombosis. 
The subendothelial and medial layer of the sinus wall 
as well as the wall of proliferating vessels and con- 
nective tissue around the involved sinuses expressed 
basic fibroblast growth factor (bFGF) on immuno- 
histochemical staining. The endothelium of the sinus 
expressed vascular endothelial growth factor (VEGF) 
(Uranishi et al. 1999). 

Although this study proves the role of increased 
vasogenic activity in the development of human 
DAVM, it does not provide information regarding 
the cause of such increased activity. As DAVMs, 
particularly those involving the cavernous sinus, 
have a high incidence in women in the menopausal 
age, the potential role of hormonal changes has also 
been investigated, but it remains unclear. Sudden 
decrease of blood estradiol levels was implicated as 
a precipitating factor in cavernous sinus DAVM in 
women (Kurata et al. 1999). In contrast, ovariectomy 
with or without estrogen therapy did not induce an 
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increased rate of DAVM formation in experimental 
rats (Terada et al. 1998). 

4. 1.2. 2 

Histopathology 

Most histopathological studies demonstrate thicken- 
ing of the dura and intensive vascular proliferation 
within and around the wall of the involved sinus. In 
some cases, a spongy mass of fibrous tissue can be 
found inside lumen of the sinus. This mass contains 
numerous irregular vascular spaces (Graeb and 
Dolman 1986) (Fig. 4.1). Increasing evidence sug- 
gests that the primary arteriovenous shunt exists 
within the wall of the sinus, with secondary shunting 
between the venous side of the proliferating vascular 
network and the lumen of the sinus. In several stud- 
ies a mass of dilated small dural vessels was found 
in subendothelial location within the sinus wall. 
Multiple microshunts were seen connecting those 
dural arteries and veins with each other (Nishijima 
et al. 1992; Momoji et al. 1997). One study demon- 
strated arteriovenous connections within the sinus 
wall via small abnormal vessels of approximately 30 
pm in diameter (“crack-like vessels”). Histologically, 
these vessels were proven to be veins (Hamada et 
al. 1997). Larger openings (approximately 200 pm) 
provided connection between intramural veins and 
the lumen of the sinus (Momoji et al. 1997). On the 
other hand, signs of organized thrombus and neo- 
vascularization were confirmed in only a few of the 
studied cases (Sakaki et al. 1996). The location of the 
arteriovenous shunts within the dura and the sinus 
wall may explain why some DAVMs drain into major 
dural sinuses, others into meningeal veins, yet others 
directly into subarachnoid veins adjacent to sinuses. 

4. 1.2. 3 
Pathogenesis 

The etiology and pathogenesis of DAVM is still not 
fully understood. It is now generally accepted that 
DAVMs are acquired lesions. It has been postulated 
that even DAVMs presenting in infants are not con- 
genital, but rather connatal, and develop during 
the fetal period in response to venous obstruction 
(Lasjaunias and Berenstein 1987). Increasing evi- 
dence suggests that the primary pathogenetic factor 
is venous hypertension related to either thrombotic 
or nonthrombotic reduction of venous outflow. 
Significant increase of venous pressure may lead 
to opening of existing microshunts within the dura. 
Such microshunts have been proposed previously by 



Kerber intracranially and by Manelfe intraspinally 
(Manelee et al. 1972; Kerber and Newton 1973). 
Alternatively, venous hypertension results in cerebral 
hypoperfusion and ischemia. This may secondarily 
produce sprouting vasogenesis and the develop- 
ment of arteriovenous shunts within the adjacent 
meninges (Lawton et al. 1997). Sinus thrombosis 
maybe one of the primary factors leading to venous 
hypertension and initiating the vicious circle that 
leads to a DAVM. In those cases predisposing factors 
for venous thrombosis, such as hypercoagulopathy, 
trauma, or surgery, may play an etiologic role. Alter- 
natively, sinus thrombosis may occur secondary to 
DAVM by several mechanisms. The growing mass of 
proliferating vessels within the sinus wall may gradu- 
ally narrow its lumen, leading to either stenosis or 
occlusion of the sinus. 

Fast and/or turbulent arterial flow within the 
sinus due to existing DAVM may result in intimal 
injury, secondary hyperplasia, and sinus stenosis or 
occlusion. In some cases the two mechanisms maybe 
involved simultaneously. In a case reported by Waka- 
moto, angiographically proven sinus thrombosis 
resulted in venous infarction without an arteriove- 
nous shunt. A DAVM developed 4 months later (pre- 
sumably as a result of sinus thrombosis), at which 
time the sinus has already recanalized. The DAVM 
persisted and resulted in rethrombosis of the sinus 
within another year (Wakamoto et al. 1999). 

Venous thrombosis has been proposed as the 
most probable pathogenetic mechanism for spinal 
DAVMs, although minor venous anomalies have also 
been recognized in such patients that may serve as 
predisposing factors (McCutcheon et al. 1996). 

The behavior of sinus thrombosis may impact the 
natural history of an individual lesion. Cessation of 
venous hypertension by complete recanalization of 
the thrombosed sinus will interrupt the vicious circle 
and may lead to spontaneous cure of the disease. Pro- 
gressive thrombosis or occlusion of the venous out- 
flow channels may further increase venous hyperten- 
sion, however, leading to an aggressive clinical course 
(Lawton et al. 1997). 

4.1.3 

Morphology 

Dural AVMs consist of arterial feeders and draining 
venous structures with or without an intervening 
mesh of small vessels. Arterial supply is primarily 
by periosteal and meningeal arteries but in large 
DAVMs enlarged collaterals from cutaneous or 
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even subarachnoid branches may also contribute. 
The feeding pedicles are connected with the drain- 
ing venous structure via single or multiple holes 
between those vessels (fistulae, Fig. 4.2a) or through 
a tangle of small abnormal vascular channels (nidus, 
Fig. 4.2b). This later corresponds to the thick, fibrous 
sections of the dura that is rich in vascular channels, 
as seen on pathological specimens (Fig. 4.1d). The 
shunt is drained either by one of the dural sinuses, 
or by meningeal or subarachnoid veins, or both. 
Single or multiple narrowing or occlusion of the 
dural sinus system frequently results in rerouting of 
the venous outfiow. In some DAVMs with meningeal 
or subarachnoid venous drainage enlarged varices 
or venous lakes are seen on the venous side. Arterial 
aneurysms may develop on the feeding pedicles or 
elsewhere on the cerebral arteries. 

Concerning spinal DAVM, Kendall introduced the 
concept that the majority of spinal intradural AVMs 
are actually enlarged arterialized draining veins of 
dural AVMs (Kendall and Logue 1977). This has 
been confirmed by microangiography studies of 
surgically removed specimens demonstrating dural 
branches of the radiculomedullary arteries that feed 
a network of small vessels within the dura. This net- 
work is connected directly (without a capillary bed) 
to the draining vein, usually an enlarged intradural, 
perimedullary vein (McCutcheon et al. 1996). Spinal 
DAVMs may also drain into periosteal and epidural 
veins (Borden et al. 1995; McCutcheon et al. 1996). 







4.1.4 

Location 

DAVMs may occur anywhere within the cranium or 
in the spinal column. Intracranial DAVMs are located 
either in the anterior cranial fossa on or around the 
ethmoid groove (Fig. 4.3, 1), in the middle cranial fossa 
at the cavernous sinuses (Fig. 4.3, 2), in the posterior 
fossa at the transverse (Fig. 4.3, 3) or the sigmoid 
(Fig. 4.3/4) sinuses, at the confiuens sinuum (Fig. 
4.3, 5), or around the foramen magnum (Fig. 4.3, 6). 
DAVMs are found on the base (Fig. 4.3, 7) and at the 
free margin of the tentorium (Fig. 4.3, 8). Lesions of the 
straight sinus or the vein of Galen are rare (Fig. 4.3, 9) 
(Halbach et al. 1989). Finally, DAVMs are found on 
the dura of the convexity and at the superior sagittal 
sinus (not demonstrated in Fig. 4.3). In a meta-analysis 
of 258 published cases, Lucas found 26% on the cavern- 
ous sinus, 25% on the transverse and sigmoid sinuses, 
26% at the tentorial incisura, 11% on the convexity 
and superior sagittal sinus, 9% in the anterior fossa, 
and 4% in the middle fossa outside of the cavernous 
sinus (Lucas et al. 1997). Multiple lesions are found in 
7%-8 % of all cases (Barnwell et al. 1991; Fujita et 
al. 2001; van Dijk et al. 2002). DAVMs of the anterior 
fossa may drain into frontal veins and the olfactory 
vein; lesions of the cavernous sinus drain either into 
the superior ophthalmic vein, the contralateral cavern- 
ous sinus, the inferior petrosal sinus(es) or into tempo- 
ral subarachnoid veins. Venous drainage for transverse 




Fig. 4.2a, b. Morphological characteristics of the arteriovenous shunt within DAVMs. a Plexiform nidus. DSA, superselective 
injection of the middle meningeal artery (arrow) supplying a DAVM involving the left sigmoid sinus (broken arrow), KV view. 
Arteriovenous shunt is established via a meshwork of small vessels (small arrows). The ipsilateral sigmoid sinus is occluded. Note 
reflux into the transverse sinuses and the superior sagittal sinus (arrowheads), b Direct arteriovenous fistula. DSA, superselec- 
tive injection of a middle meningeal artery feeder (arrow) draining directly (asterisk) into an extremely enlarged transverse 
sinus (broken arrow). Lateral view 
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Fig. 4.3. Typical locations of intracranial DAVMs. 1 anterior 
fossa, 2 cavernous sinus, 3 transverse sinus, 4 sigmoid sinus, 
5 confluens sinuum, 6 foramen magnum, 7 tentorial incisura, 
8 base of the tentorium, 9 straight sinus and vein of Galen 

and sigmoid sinus DAVMs may be provided by the 
ipsi- or contralateral or bilateral transverse-sigmoid 
sinus - internal jugular vein system and/or temporal 
subarachnoid veins, mainly the vein of Labbe. Lesions 
at the confluens sinuum drain into both or either one 
of the transverse sinuses, into the superior sagittal 
sinus in a retrograde fashion or into occipital or tem- 
poral subarachnoid veins. DAVMs of the tentorium are 
connected with either the superior petrosal sinus, the 
petrous vein, tentorial veins, or the basal vein of Rosen- 
thal. Shunts located around the tentorial incisura may 
drain into lateral mesencephalic veins and into spinal 
epidural veins. Lesions located around the foramen 
magnum and on the clivus drain into the clival venous 
plexus and towards spinal epidural veins (Lasjaunias 
and Berenstein 1987) (Table 4.1). 

Spinal DAVMs are considered the most common 
spinal vascular malformations, constituting 80% of 
all spinal AVMs (Anson and Spetzler 1992; Lee et 
al. 1998). The majority of these lesions are located in 
the thoracolumbar region. 

4.1.5 

Hemodynamics 

The rate of flow through a DAVM is related to the 
size of the draining venous system. Direct flstulae 
on patent sinuses may have exceedingly high flow; 
others, particularly those with small venous channels, 



Table 4.1. Venous drainage pathways of intracranial DAVM in 
different locations 



Location 


Potential venous drainage pathway 


Anterior fossa 


Olfactory vein, frontal veins 


cavernous sinus 


Contralateral cavernous sinus, 
ophthalmic veins, inferior petrosal sinus, 
temporal veins 


Transverse, 
sigmoid sinus 


Sigmoid sinus, jugular vein, straight sinus, 
superior sagittal sinus, 
temporal occipital veins 


Confluens sinuum 


Superior sagittal sinus, transverse sinuses, 
straight sinus, occipital veins, 
temporal veins 


Tentorium 


Superior petrosal sinus, petrous vein, 
tentorial veins, vein of Rosenthal, 
lateral mesencephalic vein, 
spinal perimeduUary veins 


Foramen magnum 


Clival venous plexus, 
spinal perimeduUary veins 



such as many cavernous sinus and spinal dural flstu- 
lae demonstrate slow flow. In theory, both the arterial 
steal phenomenon and increased venous pressure 
can be implicated as hemodynamic effects of DAVMs. 
Clinically, elevated venous pressure seems to be the 
single most important hemodynamic effect that is 
related to the venous outflow pattern and largely 
independent from the flow rate. Reduced regional 
cerebral blood flow (rCBF) and increased regional 
cerebral blood volume (rCBV) were demonstrated by 
single photon emission computerized tomography 
(SPECT) and positron emission tomography (PET), 
indicating venous congestion and impaired cerebral 
perfusion in cases with retrograde cortical venous 
drainage and sinus occlusion. These hemodynamic 
effects were not related to the flow rate of the flstula 
(Tanimoto et al. 1984; Kawaguchi et al. 2000). 



4.2 

Clinical Presentation 

4.2.1 

Signs and Symptoms 

Intracranial DAVMs are rare in infancy and child- 
hood (Boet et al. 2001; Kincaid et al. 2001). In 
adults they present mostly in middle-aged or elderly 
patients with a mean age of 50-60 years. Spinal 
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DAVMs commonly present after the 4th decade. Men 
and women are equally affected except for cavernous 
sinus fistulae, which have a significantly higher inci- 
dence in women (85% of all lesions) (Cognard et al. 
1995). Clinical signs and symptoms most commonly 
associated with DAVM include pulsatile tinnitus, 
objective bruit, cranial nerve palsies, ocular symp- 
toms including proptosis and chemosis (“red eye”), 
optic nerve atrophy, papilledema, headaches, nausea 
and/or vomiting as signs of elevated intracanial 
pressure (ICP), epileptic seizures, focal neurologi- 
cal deficit, and intracranial hemorrhage. High-fiow 
fistulae that typically present in infants and children 
may lead to heart failure. Hydrocephalus may also 
develop mostly in children with fast-fiow lesions. 
Symptoms are strongly related to the location and 
hemodynamic pattern of the lesion. Table 4.2 sum- 
marizes the most typical symptoms of each DAVM 



location. Potential pathomechanisms include venous 
congestion, perfusion deficit due to venous hyper- 
tension, mass effect, and arterial steal phenomenon 
(Lasjaunias et al. 1986). As a general rule, involve- 
ment of leptomeningeal veins in venous drainage is 
associated with increased incidence of hemorrhagic 
and nonhemorrhagic neurological complications 
and therefore is considered an indicator of aggres- 
sive clinical course (see later). This is thought to be 
related to high pressure within subarachnoid veins, 
leading to venous rupture and subarachnoid hem- 
orrhage (SAH), and/or venous ischemia, resulting 
in venous infarction and subsequent parenchymal 
hemorrhage. 

Dural AVMs in the anterior fossa frequently pres- 
ent with intradural bleeding, likely caused by the 
obligate leptomeningeal venous drainage in this 
condition (Fig. 4.4). 





Fig. 4.4a-c. DAVM located in the anterior fossa, a Right internal carotid 
artery injection. DSA, lateral view, demonstrating DAVM fed hy an eth- 
moidal branch of the ophthalmic artery (arrow) and drained by a frontal 
vein (open arrow), b Right external carotid artery injection of the same 
DAVM demonstrating arterial supply from ethmoidal branches of the distal 
internal maxillary artery and venous drainage via the cavernous sinus 
(small open arrow) and the inferior petrosal sinus (small broken arrow), 
c Computer tomography of the same patient demonstrating parenchymal 
hemorrhage (arrow) within the right frontal lobe 
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Table 4.2. Characteristic signs and symptoms associated with DAVMs in different locations 





ICH 


Bruit 


Pulsatile 

tinnitus 


Ocular “Red eye” 
palsy 


Nonocular 

cranial 

nerve 


Headaches Seizures Papilledema Neurological 

deficit 


Anterior fossa 


+ 










+ 




Cavernous sinus 




+ 


+ 


+ + 




+ 


+ 


Transverse-sigmoid sinuses 


+ 


+ 


+ 






+ + + 




Confluens sinuum 


+ 


+ 


+ 






+ + + 




Tentorium 


+ 




+ 




+ 


+ + 




Straight sinus 






+ 






+ + + 


+ 


and vein of Galen 
















Foramen magnum 


+ 




+ 




+ 


+ + 


+ 


Convexity 


+ 










+ + 


+ 


Superior sagittal sinus 












+ + + 


+ 


Spinal 














+ 



Cavernous sinus DAVMs have a characteristic clinical 
presentation including proptosis, chemosis (Fig.4.5a,b), 
ocular movement disorder due to sixth and/or third 
nerve palsy, leading to double vision, retinal hemor- 
rhages, reduced vision, pulsatile tinnitus, and bruit. 
Most of those symptoms are related to venous over- 
load of the primary draining veins, namely the superior 
ophthalmic vein (SOV) and the inferior petrosal sinus 
(Fig. 4.5c, d). Congestion in the SOV results in chemo- 
sis, proptosis, and retinal hemorrhage and is probably 
involved in visual loss due to hypoperfusion of the 
optic nerve and the retina. Fast arterialized flow within 
the SOV leads to bruit that can be detected over the eye. 



Involvement of the inferior petrosal sinus, if present, 
produces pulsatile tinnitus. Cranial nerve paresis lead- 
ing to ocular movement disorder can be explained by 
mass effect within the cavernous sinus and the orbit, 
although arterial steal phenomenon has also been 
mentioned as a potential cause (Lasjaunias et al. 1986). 
Thrombosis of the major venous outlets of the cavern- 
ous sinus may occur, further aggravating symptoms. 
Rerouting of the venous flow toward the contralateral 
cavernous sinus results in contralateral eye symptoms 
(Fig. 4.5e). Venous drainage via temporal veins maybe 
associated with neurological symptoms and in rare 
cases with hemorrhage (Fig. 4.5f, i). 
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Fig. 4.5a-i. Clinical and radiomorphological characteristics of cavern- 
ous sinus (CS) DAVM. a Typical ocular signs of CS DAVM on the right, 
including moderate exophthalmos, chemosis, and conjunctival hyper- 
emia (“red eye”), b Resolution of the ocular signs following successful 
treatment of the lesion, c Typical angiographic appearance of CS DAVM 
(arrow) with exclusive venous drainage via the superior ophthalmic vein 
(SOV) (open arrow). DSA, internal carotid artery (ICA) injection, lateral 
view, d Venous drainage of a CS (arrow) DAVM via the inferior petro- 
sal sinus (broken arrow). Note that the SOV is not opacified. DSA, ICA 
injection, lateral view, e Cavernous sinus DAVM drained via the inter- 
cavernous sinus and the contralateral SOV (open arrow). DSA, common 
carotid artery (CCA) injection, AP view, f Cortical venous drainage of a 
CS DAVM (arrow) via the sylvian vein (curved arrow) and multiple fron- 
tal cortical veins (arrowheads) towards the superior sagittal sinus (small 
arrow) and the vein of Labbe (broken arrow), g Contrast-enhanced CT 
scan of the patient demonstrated in c, exhibiting an enlarged SOV that 
intensely enhances with contrast material (open arrow), h Magnetic 
resonance image (MRI) of the same patient: Ti-weighted (Tj-W) coronal 
section following contrast administration demonstrates an enlarged CS 
(arrow), i Noncontrast CT scan of the patient demonstrated in f depict- 
ing left temporal lobe hemorrhage (asterisk) 



V 
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Transverse and sigmoid sinus DAVMs typically 
present with pulsatile bruit that is easily explained 
by fast flow within the sigmoid sinus and jugular 
vein close to the middle ear (Fig. 4.6a). The frequent 
association of either contra- or ipsilateral occlusion 
of the transverse or sigmoid sinuses leads to rerout- 
ing of venous flow towards the contralateral trans- 
verse sinus, the superior sagittal sinus and/or into 
leptomeningeal veins. This may result in elevated 
venous and intracranial pressure and subsequent 
papilledema, neurological symptoms, seizures, and 
optic nerve atrophy (Fig. 4.6b). High-flow flstulae 
typically involve this region in infants and children. 
The resulting extreme enlargement of the sinus may 
cause mass effect, chronic venous hypertension, and 
communicating hydrocephalus (Fig. 4.6c). 

Similarly, DAVMs involving the confluens sinuum 
tend to be large, with exceedingly high flow and with 



reflux into the straight and superior sagittal sinuses, 
producing frequent hemorrhagic and nonhemor- 
rhagic neurological complications (Fig. 4.7). 

DAVMs located on the tentorium frequently bleed; 
this is thought to be related to the typical leptomen- 
ingeal venous drainage of this region (Fig. 4.8). 

Lesions in the posterior fossa, and particularly 
that of the clivus and the foramen magnum, may 
have a very special clinical presentation. As some of 
them tend to drain into spinal perimedullary veins, 
they typically produce spinal venous hypertension. 
The resulting hypoperfusion of the spinal cord 
results in myelopathy and subsequent neurological 
deflcit (WoiMANT et al. 1982; Cognard et al. 1995; 
Brunereau et al. 1996; Ricolei et al. 1999; Slaba et 
al. 2000; Reinges et al. 2001). Most patients present 
with a long history of slowly progressing and fluc- 
tuating symptoms (Fig. 4.9). Hemorrhage has also 





b 



Fig. 4.6a-c. Angiographic features of DAVMs involving the 
transverse and sigmoid sinuses, a DSA, external carotid artery 
(EGA) injection, lateral view, demonstrating a sigmoid sinus 
(SS) DAVM (asterisk). Venous drainage is antegrade via SS 
(large arrow). Multiple feeding pedicles of the middle menin- 
geal (small arrow), the occipital (arrow), the ascending pha- 
ryngeal (broken arrow), and the retroauricular (arrowhead) 
arteries are delineated, b DSA of an SS DAVM (asterisk) with 
EGA injection in AP view. The SS is occluded (arrow). Venous 
drainage is retrograde. Note severe stenosis of the ipsi- (curved 
arrow) and contralateral (small arrow) transverse sinuses 
(TS) and reflux into the superior sagittal sinus (SSS) (broken 
arrow), c DSA in lateral view, EGA injection delineating an 
extensive DAVM draining into an ectatic transverse sinus 
(asterisk). Patient is a 10-month-old baby. Prominent feed- 
ers arise from the middle meningeal (small arrow) and the 
occipital (arrow) arteries 
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Fig. 4.7a-c. Dural arteriovenous malformation involving the 
confluens sinuum. a The medial segment of the transverse 
sinus is extremely enlarged {broken arrow). The sinus ectasia 
involves the confluens sinuum. The sigmoid sinus on the left 
is occluded {asterisk). Note reflux Into the SSS {arrow) and ret- 
rograde flow within the contralateral transverse sinus {small 
arrow), b T 2 -W MRI demonstrates dilatation of the TS with 
mass effect, c T 2 -W MRI depicting multiple areas of mixed 
signal intensity within the cerehellum {arrowheads) corre- 
sponding to repeated small hemorrhages due to significant 
venous hypertension and perfusion deficit 








been reported in cases of spinal epidural drainage 
(CoGNARD et al. 1995). 

Arteriovenous malformations of the superior sag- 
ittal sinus produce a complex neurological picture. 
These lesions tend to be morphologically complex 
with multiple arterial feeders and high flow. Subse- 
quently, the venous overload is signiflcant, resulting in 
highly elevated intracranial pressure, headaches, pap- 
illedema, visual disturbances, progressive dementia, 
neurological deflcits, and seizures. Sinus thrombosis 
is frequently associated, leading to bizarre venous 
flow patterns. Occlusion of the superior sagittal 
sinus itself leads to retrograde venous drainage via 
subependymal veins. These patients typically present 
with headaches and progressive dementia (Jaillard 
et al. 1999). Occlusion of the transverse sinuses will 
reroute venous flow into cortical veins and into the 
straight sinus. Blood may eventually exit the cranium 



via the superior ophthalmic vein (producing exoph- 
thalmos and bruit) and via perimesencephalic veins 
towards the spinal perimedullary venous system. 
Ectatic draining veins may produce a mass effect on 
the brain stem or the spinal cord, further complicat- 
ing the neurological course (Fig. 4.10). 

Arteriovenous shunts on the dura of the convexity 
commonly present with hemorrhage due to the obli- 
gate leptomeningeal venous drainage (Fig. 4.11). 

Spinal DAVMs are rare. These lesions produce 
slowly progressing symptoms of spinal myelopathy, 
including weakness, gait disturbances, sensory deflcit 
of the lower extremities, and sphincter dysfunction, 
thought to be a result of the venous hypertension 
and resulting hypoperfusion. Symptoms typically 
develop in a slow and fluctuating fashion, frequently 
delaying the diagnosis signiflcantly (Stecker et al. 
1996; Kataoka et al. 2001) (Fig. 4.12). 
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Fig. 4.8a-e. Radiomorphological characteristics of DAVMs 
involving the tentorium, a and b DSA, EGA (a) and ICA (b) 
injection, lateral view. The DAVM (asterisk) is located in the 
tentorial incisura and drains directly into an enlarged lep- 
tomeningeal vein (open arrow) towards the straight sinus. 
Arterial supply is provided by multiple EGA branches (small 
arrows) and the tentorial marginal branch of the IGA (arrow), 
c and d demonstrate location of the DAVM (asterisk), the 
draining vein, and its dilated segment (open arrow) within the 
tentorial incisura with mass effect on the cerebellum, e Non- 
contrast GT scan of the same patient demonstrates perifocal 
hemorrhage around the dilated draining vein (broken arrow) 









Fig. 4.9a-f. Dural AVM of the posterior fossa with spinal perimedullary drainage, a and b Common carotid injection, lateral 
view. Multiple EGA branches (arrows) and the tentorial marginal branch of the ICA (small curved arrow) feed an arteriovenous 
connection with a venous varix (open arrow). Narrow, irregular vein drains the DAVM towards the transverse sinus (large arrow) 
and pontomesencephalic veins into anterior and posterior intradural spinal veins (small open arrows), c and d Noncontrast, 
T 2 -W axial (c) and sagittal (d) MRI images demonstrating hyperintense signal within the medulla, representing venous isch- 
emia (arrow), e and f Post-treatment EGA (e) and ICA (f) angiograms demonstrating complete occlusion of the malformation 
following embolization from all feeders with diluted cyanoacrylate glue (Histoacryl) 
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Fig. 4.10a-f. Dural arteriovenous malformation of the superior sagittal sinus with significant venous occlusive disease, a and b 
DSA with selective EGA and ICA injections in lateral view demonstrates intense filling of the SSS {broken arrow) in the arterial 
phase from multiple EGA feeders including transosseal branches of the superficial temporal and branches of the middle men- 
ingeal artery {small arrows in a), from the anterior meningeal artery {small arrow in b) and from subarachnoid branches of the 
anterior cerebral artery {small curved arrow), c and d Left IGA injection, late venous phase, lateral (c) and AP (d) views. Both 
transverse sinuses are occluded. Anteriorly, venous drainage is provided by a large frontal cortical vein {small arrow) and the 
sylvian vein into cavernous sinus. An extremely dilated SOV {broken arrow) drains the GS. Posteriorly, retrograde flow is seen 
within the straight sinus and the vein of Labbe draining into a large pontomesencephalic vein {small curved arrows) and spinal 
perimedullary veins, e and f MRI study, Tj-W sagittal sections depicting the giant SOV {broken arrow) producing exophthalmos 
and the large pontomesencephalic vein with severe mass effect on the brain stem and the spinal cord {arrowheads) 




Fig. 4.1 la-d. Dural AVM of the convexity, a and b Direct communication {asterisk) between the middle meningeal artery {arrow) 
and a tortuous leptomeningeal vein of the frontal convexity {large arrow) close to the superior sagittal sinus {open arrow), c Time 
of flight (TOP) magnetic resonance angiography (MRA), maximum intensity projection (MIP), delineates the feeding pedicle 
{small arrow) and arteriovenous shunt {asterisk), d Tj-W MRI demonstrates cross sections of multiple large vessels by signal 
void within the subarachnoid space corresponding to enlarged veins {small arrows). A small intraparenchymal hemorrhage is 
seen within the frontal parasagittal parenchyma {broken arrow) 
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Fig. 4.12a, b. Spinal dural arteriovenous malformation, 
a DSA, selective injection of an L.IV segmental artery 
on the left (arrow) demonstrates a DAVM involving 
the nerve root sheath (curved arrow), draining into a 
perimedullary vein (open arrow) and into dilated spinal 
intradural veins (broken arrow), b Sagittal Tj-W MRI 
study demonstrates large intradural vessels within 
the L.I-IV segments (broken arrow), typical of spinal 
DAVM. Contrast enhancement at the lower thoracic 
level is due to previous surgery 



4.2.2 

Natural History and Classification 

DAVMs are dynamic lesions with a highly variable 
clinical course that extends from spontaneous cure to 
fatal hemorrhage. The clinical presentation of DAVMs 
has been classified as either benign or aggressive. 
Lesions producing ocular symptoms, pulsatile tin- 
nitus, bruit, and/or local cranial nerve deficits only 
are considered benign. Those associated with intra- 
cranial hemorrhage or nonhemorrhagic neurological 
deficit are classified as aggressive. While symptom- 
atology is infiuenced by location, the natural history 
is dominated by the venous fiow pattern. Growing 
evidence suggests that retrograde venous drainage 
and venous drainage into leptomeningeal veins is 
associated with more severe clinical presentation and 
a more aggressive natural history. Careful analysis of 
the hemodynamics as demonstrated by angiography 
is therefore prerequisite to proper therapeutic deci- 
sion-making. During the past several decades, several 
classification systems have been developed based on 
the venous fiow pattern. 

Djindjan recognized the significance of retrograde 
venous drainage early on and created a classification 
system as demonstrated in Table 4.3 and Figs. 4.13, 
4.14 (Djindjan and Merland 1978). In this system, 
grade 1 lesions drain into the involved sinus in either 
an ante- or a retrograde fashion Fig. 4.13a-c). Grade 2 
lesions drain into sinuses, too, but have refiux into 



cerebral veins (Fig. 4.13d, e). Grade 3 lesions are char- 
acterized by exclusive drainage into cortical veins 
(Fig. 4.13e-g, j), and grade 4 DAVMs drain into or 
towards large venous lakes (Fig. 4.13h). 

Cognard retrospectively analyzed a series of 205 
patients with DAVMs (Cognard et al. 1995) and mod- 
ified Djindjan’s classification based on further details 
of the venous pathway that he found to significantly 
influence the clinical course (Table 4.3, Figs. 4.13, 4.14). 
In his system, type I. lesions drain into dural sinuses 
in an antegrade direction only (Fig. 4.13a). Type II. is 
characterized by disproportionately high arterial load 
and insufficient antegrade venous drainage, resulting 
in retrograde fiow. This category is further divided 
into three subgroups, including Il/a, with retrograde 
fiow within the sinuses only (Fig. 4.13b, c), Il/b, with 
antegrade fiow within the sinus and refiux into corti- 
cal veins (Fig. 4.13d), and Il/a-l-b, with retrograde fiow 
within both the sinus and cortical veins (Fig. 4.13e). 
Type III lesions drain exclusively into cortical veins 
(Fig. 4.13f). Type IV Lesions drain into cortical veins 
with venous ectasia (Fig. 4.13h). Finally, Cognard 
added another entity, lesions that drain into spinal 
perimedullary veins, classified as type V. (Fig. 4.13j). In 
his analysis of 205 patients, Cognard found an aggres- 
sive clinical course in one of 84 patients with type I 
fistulae, 45% in type II, 76% in type III, 96% in type 
IV, and in 100% in type V. In addition, hemorrhage, as 
the most severe complication, was related strictly to 
cortical venous drainage. No hemorrhage was found 
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Table 4.3. Classification of intracranial DAVM-s in relation to venous drainage pattern 



Venous drainage pattern: intracranial DAVM 


Fig. 4.2 


Classification 




Site of shunt 


Venous outflow 




Djindjan 


Cognard Borden 


Dural sinus/meningeal vein 


Sinus, antegrade 


A 


1 


1 


1 


Dural sinus/meningeal vein 


Sinus, ante/retrograde 


B 


1 


2/A 


1 


Dural sinus/meningeal vein 


Sinus, retrograde 


C 


1 


2/A 


1 


with sinus occlusion 


Dural sinus/meningeal vein 


Sinus antegrade 
+ reflux into subarachnoid vein 


D 


2 


2/B 


2 


Dural sinus/meningeal vein 


Sinus ante/retrograde 
+ reflux into subarachnoid vein 


E 


2 


2/A-l-B 


2 


Subarachnoid vein 


Subarachnoid vein 


F 


3 


3 


3 


Isolated sinus with reflux 


Subarachnoid vein 


G 


3 


3 


3 


into subarachnoid vein 


Venous lake 


Subarachnoid vein 


H 


4 


4 


3 


Spinal perimeduUary vein 


Subarachnoid vein 


J 


3 


5 


3 




Fig. 4.13a-j. Schematic representation of venous drainage patterns of intracranial DAVMs. a-c DAVM shunting into a dural 
sinus with antegrade (a), ante- and retrograde (b), and exclusively retrograde flow (due to sinus occlusion, c) within the sinus 
system, d and e DAVM shunting into a dural sinus with retrograde flow in leptomeningeal veins due to venous overload of 
the sinus, with (e) or without (d) retrograde flow inside the sinus itself, f DAVM shunting directly into a leptomeningeal vein, 
g Isolated sinus due to sinus occlusion with retrograde leptomeningeal venous drainage, h DAVM draining into venous ectasia, 
j Intracranial DAVM draining into spinal perimedullary veins 
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Fig. 4.14a-f. Examples of intracranial DAVMs with different venous 
drainage patterns, a DAVM {asterisk) of the SS, shunting into the sinus 
(arrow) with antegrade flow only. DSA, EGA injection, AP view, b DAVM 
(asterisk) of the sigmoid-transverse sinus with retrograde flow (arrow) 
and reflux into the SSS. DSA, EGA injection, AP view, c DAVM of the SS 
(asterisk) on the left with retrograde flow within multiple cortical veins 
(arrows) draining into the SSS (arrow). DSA, left EGA injection, AP view, 
d DAVM of the frontal convexity (asterisk) draining into a dilated cortical 
vein (arrow). DSA, Right EGA injection, AP view, e DAVM at the tento- 
rial incisura (asterisk) draining into a venous varrx (arrow). DSA with 
EGA injection, lateral view, f DAVM on the clivus draining into spinal 
perimeduUary veins (arrow). DSA, IGA injection, lateral view 
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in types I and Il/a, 20% in type Il/b, 6% in type Il/a+b, 
40% in type III, and 66% in type IV. Five of 12 patients 
with spinal venous drainage had hemorrhage, and in 
all of them the spinal drainage was directed into the 
epidural space in the cervical region. The significant 
difference between type III and IV demonstrates that 
venous ectasia is associated with a particularly high 
likelihood of hemorrhage. Histopathological signs of 
venous wall degeneration have been found in such 
venous pouches (Hamada et al. 2000). This classifi- 
cation system, although somewhat complicated, has 
a high predictive value regarding aggressive clinical 
course and particularly concerning hemorrhage. 

Finally, Borden created a simplified system by 
combining the previous two and including spinal 
DAVMs in the same classification (Tables 4.3 and 4.4, 
Figs. 4.13-4.15) (Borden et al. 1995). This system is 
dominated by an aggressive clinical course, hemor- 
rhagic or not, that requires treatment. All malforma- 



Table 4.4. Classification of spinal DAVMs in relation to venous 
drainage pattern 



Venous drainage pattern: spinal DAVM 


Classification 


Site of shunt 


Venous outflow 


Borden 


Nerve root sleeve, 
dura 


Periosteal, 
epidural veins 


1 


Nerve root sleeve, 
dura 


Epidural veins with reflux 
into perimedullary veins 


2 


Nerve root sleeve, 
dura 


Perimedullary veins 


3 



tions draining into dural sinuses or meningeal or 
spinal epidural veins with normal (antegrade) flow 
within the subarachnoid/leptomeningeal veins are 
considered type I (Fig. 4.13a-c). Those that drain 
into sinuses or meningeal or epidural veins resulting 
in reversed flow within normal veins draining into 
those sinuses are classified as type II (Fig. 4.13d, e, g). 
Lesions draining directly into subarachnoid veins 
(brain or spine) belong to type III (Fig.4.13f,j).Type I 
lesions in an intracranial location have a benign 
course, but those located spinally may present with 
medullopathy or epidural hemorrhage. Type II lesions, 
either spinal or cranial, present with hemorrhage or 
neurological symptoms due to venous hypertension. 
Type III lesions typically present with hemorrhage 
intracranially and with medullopathy spinally. 

In an attempt to validate the classifications 
described above, Davies et al. applied both systems 
retrospectively to 102 patients harboring DAVMs 
(Davies et al. 1996). By definition, Cognard types I 
and Il/a were considered as Borden type I, Cognard 
Il/b and Il/a-l-b as Borden II. and Cognard III, IV, and 
V as Borden III (Table 4.3.). Of the 102 patients, 31 
(30%) had an aggressive presentation: 16 had hem- 
orrhage and 15 had nonhemorrhagic neurological 
symptoms. Aggressive presentation correlated well 
with both Borden and Cognard grades: Either hem- 
orrhagic or nonhemorrhagic aggressive symptoms 
were found in 2% of Borden 1, 39% of Borden II, and 
79% of Borden III cases. In the Borden I group Cog- 
nard type Il/a patients had more nonhemorrhagic 




Fig. 4.15a-c. Schematic representation of venous drainage patterns of spinal DAVMs. {NR nerve root, RA radicular artery, DM dura 
mater, M medulla). Meningeal branch of the radicular artery feeds arteriovenous shunt located on the dura {small arrow), a Venous 
drainage by epidural veins {arrow), b Venous drainage via epidural veins and a perimedullary vein (arrow) into the coronal venous 
plexus {arrowheads), c Exclusive venous drainage by perimedullary vein {arrow) and the coronal venous plexus {arrowheads) 
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symptoms (7%) than those with Cognard type I. 
lesions (0%). In the Borden III group, the incidence 
of hemorrhagic presentation correlated positively 
with Cognard grades, demonstrating 38% incidence 
in type III., 50% in type IV, and 75% in type V. While 
the Borden classification reliably predicts aggressive 
clinical presentation, the Cognard system provides 
more precise correlation between hemorrhage and 
venous drainage. 

In addition, the clinical presentation was analyzed 
in relation to location of the lesions by several authors. 
In a meta-analysis of 100 benign and 277 aggressive 
DAVM cases, Awad and colleagues found no correla- 
tion between aggressive presentation and flow rate. 
Although the lowest rate of aggressive behavior was 
found in transverse and cavernous sinus locations 
and the highest in tentorial DAVMs, no location was 
immune to an aggressive neurological course. Lepto- 
meningeal venous drainage, venous dilatations, and 
galenic drainage were found to significantly correlate 
with aggressive symptoms (Awad et al. 1990). No 
aggressive symptoms were found in association with 
lesions involving the cavernous sinus, while there 
were aggressive symptoms in 27% of transverse sinus 
DAVMs, in 100% of those at the confiuens sinuum, in 
65% at the superior sagittal sinus, in 92% at the ten- 
torium, and in 88% in the anterior fossa (Cognard 
et al. 1995). Analysis of the venous drainage pattern 
demonstrated that high incidence of aggressive 
symptoms in certain locations was related to the typ- 
ical venous anatomy in each location rather than to 
the location itself. Only Borden type III lesions were 
found in the anterior cranial fossa: 78% of them on 
the tentorium, 13% on the transverse sinus, and none 
on the cavernous sinus (Davies et al. 1996). Multiple 
DAVM location was found to correlate significantly 
with leptomeningeal venous drainage (84%) and 
subsequently with aggressive presentation. These 
patients had a three times higher incidence of hem- 
orrhage than those with single a DAVM (van Dijk et 
al. 2002). In general, location has a significant impact 
on the venous drainage pattern but the clinical pre- 
sentation is determined by the venous drainage itself, 
and not by the location. 

While the above-cited studies provide good cor- 
relation between venous morphology and clinical 
symptomatology at the time of the initial presenta- 
tion, this is of limited value regarding the natural his- 
tory and the prognosis of the disease. Some DAVMs 
may disappear without treatment (Bitoh and 
Sakaki 1979; Chaudhary et al. 1982; Lasjaunias 
et al. 1984; Meder et al. 1995; Luciani et al. 2001); 
others may lead to death. As treatment is complicated 



and carries certain risks, proper selection of patients 
requiring treatment necessitates reliable prognosis of 
each particular case. Davies and colleagues analyzed 
the clinical course of 55 Borden grade I (benign) and 
46 Borden grade II-III intracranial DAVM patients 
for 133 patient years and for 344 patient months, 
respectively, following presentation. Twenty-one of 
26 Borden I patients improved and five remained 
stable without treatment. In contrast, four of the 
29 Borden III patients treated conservatively died 
within the follow-up period. This group had a 19%/ 
year incidence of hemorrhaging, 11 %/year of non- 
hemorrhagic complications, and a 19%/year mortal- 
ity (Davies et al. 1997a,b). Although the number of 
observed cases is small, this study supports the con- 
cept that the type of venous drainage not only deter- 
mines the first clinical presentation but also reliably 
predicts the natural history, and therefore may serve 
as a basis for therapeutic decision-making. 



4.3 

Diagnostic Imaging 

Although plain X-ray films may occasionally dem- 
onstrate prominent vascular impressions on the 
skull, the contribution of conventional radiogra- 
phy to the imaging diagnosis of DAVM is limited. 
Although myelography depicts enlarged intradural 
vessels by negative contrast, this does not justify 
using this technique for the demonstration of spinal 
DAVM (Chen et al. 1995). Cross-sectional imaging 
techniques such as computed tomography (CT) and 
magnetic resonance imaging (MRI) demonstrate 
consequences of the dural arteriovenous shunt on 
the brain and the cerebrospinal fluid (CSF) spaces. 
Less invasive or noninvasive angiographic techniques 
such as CT angiography (CTA) or MR angiography 
(MRA) are capable of depicting the vascular pathol- 
ogy itself. Catheter angiography is required for the 
accurate localization of the shunt and evaluation of 
the hemodynamic pattern. 

4.3.1 

Computer Tomography 

Computer tomography (CT) scan without con- 
trast demonstrates changes secondary to DAVMs. 
These include hydrocephalus, cortical atrophy, and 
hemorrhage (Figs. 4.4, 4.5, 4.8, 4.16.) that can be 
either subarachnoid (Kagawa et al. 2001), subdural. 
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Fig. 4.16a-c. Typical signs of intracranial DAVM by CT. a Ectatic venous 
structure and hydrocephalus, b Multiple enhancing vascular structures 
following contrast administration, representing draining veins, c Dilated 
subarachnoid spaces due to cortical atrophy 




parenchymal (Solis et al. 1977), or intraventricular 
(Kawaguchi et al. 1999). Noncontrast CT scan may 
raise the suspicion of sinus thrombosis by hyperden- 
sity within the involved sinus. Contrast- enhanced 
CT delineates enlarged draining veins as serpentine 
enhancing structures. This is particularly character- 
istic in cavernous sinus DAVM with superior oph- 
thalmic vein (SOV) drainage in which the enlarged 
SOV is well demonstrated as tubular enhancement 
within the orbit that also exhibits signs of associ- 
ated exophthalmos (Fig. 4.5g). If coupled with typical 
clinical symptoms, these signs on CT may provide the 
diagnosis of a cavernous sinus arteriovenous shunt; 
however, differentiation between direct carotid cav- 
ernous fistula and a cavernous sinus DAVM is not 
possible based on CT scan. Enlarged draining veins 
are delineated in cases of DAVM in other locations 
with either direct leptomeningeal venous drainage or 



reflux into leptomeningeal veins due to venous over- 
load of the sinuses. Mass effect from venous varices 
is well depicted (Fig. 4.16a, b). In cases of DAVM 
with antegrade sinus drainage, CT scan is usually 
normal (Chiras et al. 1982). The use of multislice 
CT (Klingebiel et al. 2001) and CT angiography 
(CTA) (Alberico et al. 1999) has been proposed 
for the less invasive evaluation of cerebral vascular 
malformation. DAVMs, particularly those with large 
and complex nidi, are likely to be detected by CTA. 
However, the dynamic evaluation of the lesion neces- 
sary for making a therapeutic decision may not be 
possible by CT/CTA techniques. Computer tomogra- 
phy with contrast is useful in demonstrating sinus 
thrombosis as lack of contrast enhancement within 
the involved sinus(es) in association with DAVM. CT 
scanning has been applied to evaluate the results fol- 
lowing embolization of spinal DAVM, but it cannot be 
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successfully used for the initial diagnostic imaging of 
such lesions (Cognard et al. 1996). 



4.3.2 

Magnetic Resonance Imaging 

Unlike pial AVMs, the nidus of a DAVM is usually not 
demonstrated by spin echo (SE) MRI. This is because 
the nidus of a DAVM is located within a thin sheet of 
the dura that is difficult to detect by cross-sectional 
imaging. MRI depicts indirect signs of DAVM. Similar 
to CT, hydrocephalus, cortical atrophy, and mass effect 
from enlarged venous structures are easily demon- 
strated (Figs. 4.7b, 4.8d, 4.10e). Large draining veins 
are well delineated by flow void on spin echo images 
either intraorbitaUy or intracraniaUy (Fig. 4.10e, f ). High 
velocity signal loss can be seen within the cavernous 
sinus as a sign of arterial flow, indicating DAVM (Hira- 
BUKi et al. 1988). When the venous flow is diverted 
towards the subependymal veins and midline venous 
structures, multiple cross sections of enlarged medul- 
lary veins may be seen within the white matter as small 
foci of flow void. Although the nidus itself is usually not 
delineated, the presence of dilated pial vessels (draining 
veins) without an AVM nidus is suggestive of DAVM 
with venous occlusive disease and venous congestion 
(Fig. 4.1 Id). This is found in over two thirds of patients 
with venous reflux (De Marco et al. 1990; Willinsky 
et al. 1994). Venous ischemia is indicated by high signal 
intensity on T 2 -weighted (T 2 -W) images that typically 
does not correspond to arterial distribution (Figs. 4. 19c, 
d, 4.17f). High signal intensity areas may enhance with 
gadolinium, indicating disruption of the blood-brain 
barrier due to venous hypoperfusion (Willinsky et al. 
1994; Kawaguchi et al. 2001). Bithalamic T 2 hyperin- 
tensities have been described as a result of reversible 
venous ischemia (Greenough et al. 1999). Intradural 
hemorrhage, either subdural or parenchymal, due to 
DAVM is easily detected by MRI as mixed signal inten- 
sity on SE images (Figs. 4.7c, 4.8c, 4.11/d). Dural sinus 
thrombosis that is frequently associated with DAVM 
might be demonstrated as lack of signal loss within the 
involved segment of the sinus on SE images. This can 
be confirmed by the lack of contrast enhancement and 
lack of visualization of the occluded sinus by venous 



MRA. However, correct assessment of venous occlusive 
disease by MRI might be difficult. Parenchymal hemor- 
rhage is commonly associated with venous infarction. 
SE MRI in cases of DAVM with antegrade sinus drain- 
age might be normal (De Marco et al. 1990). 

Magnetic resonance angiography improves the 
delineation of the site of the shunt and feeding and 
draining pedicles. Either two- and three-dimensional 
phase contrast (PC) or time of flight (TOP) MRA 
may demonstrate the nidus. Phase-contrast MRA 
may demonstrate flow reversal in sinuses or draining 
veins (Cellerini et al. 1999). Stenosis or occlusion of 
sinuses and dilated cortical veins, however, might be 
missed by either PC or TOF MRA (Chen et al. 1992; 
Cellerini et al. 1999). (Figs. 4.11c, 4.17d). First- 
pass, gadolinium- enhanced fast MRA significantly 
improves delineation of the nidus, feeding pedicle, 
and draining veins (Fare et al. 2001). 

An intracranial DAVM draining into the spinal 
venous system produces spinal venous ischemia, 
indicated by enlargement and increased T 2 signal 
intensity of the cervical spinal cord (Fig. 4.9c, d). 
Diffuse gadolinium contrast enhancement of the 
cervical medulla has also been reported (Bousson 
et al. 1999). Enlarged intradural draining veins may 
or may not be depicted by MRI of the cervical spine. 
Clinical evidence of myelopathy with cervical spinal 
cord signal changes should raise the suspicion of 
such DAVM and prompt intracranial vascular stud- 
ies (MRA, DSA) (Ernst et al. 1997; Chen et al. 1998; 
Bousson et al. 1999). 

Most spinal DAVMs generate spinal venous hyper- 
tension leading to myelopathy that, if untreated, 
results in permanent disabling neurological deficit. 
Symptoms commonly develop in a slow and fluctuat- 
ing manner, making the clinical diagnosis extremely 
difficult. Proper imaging is of the utmost importance 
to establish the diagnosis before permanent damage 
to the spinal cord occurs. Yet the average time from 
the onset of symptoms until diagnosis was found 
to be 27 months in a large study of 66 patients with 
spinal DAVM (Gilbertson et al. 1995). As localiza- 
tion of the lesion by clinical signs is often difficult or 
impossible and spinal catheter angiography is highly 
invasive, MRI and MRA play an outstanding role as 
noninvasive tools in the diagnosis of spinal DAVM. 



Fig. 4.17a-f. Typical signs of intracranial DAVM by MRI. a-d DAVM of the tentorial incisura. DSA with left EGA injection (a) 
demonstrates the DAVM draining into a venous lake (arrow). The dilated draining vein is demonstrated by flow void on T 2 -W 
MRI (arrow in b) and by flow enhancement on the source image of TOF MRA (arrow in c). MIP reconstructed MRA delineates 
the draining vein (arrow in d). e-f DAVM of the superior sagittal sinus with occlusion of both transverse sinuses. Sinus occlu- 
sion is demonstrated be DSA (arrow) in e. Am ischemic area of increased T 2 signal intensity (arrow in f) is seen as a result of 
venous hypertension. Figure 4.10 demonstrates further details of the case 
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The most common signs of spinal DAVM are related 
to venous ischemia and include hyperintense T 2 
signal, enlargement, and gadolinium enhancement 
of the spinal cord. These signs have been reported 
in 94%-100%, 45%-65% and 60%-88% of patients, 
respectively. Intradural, serpentine structures visual- 
ized by flow void and contrast enhancement are typi- 
cal direct signs of the vascular dural arteriovenous 
shunts, representing enlarged veins of the coronal 
venous plexus that drains the lesion (Fig. 4.12). These 
vessel-like linear areas, located mostly on the dorsal 
surface of the cord, are present in 45%-82% of cases 
(Terwey et al. 1989; Gilbertson et al. 1995; Willin- 
SKY et al. 1995). Changes most commonly associated 
with spinal DAVM are therefore nonspecific, and 
enlarged vessels lead the diagnosis in the correct 
direction in only one half to three quarter of the 
cases. More recently, hypointense T 2 signal changes 
were found on the periphery of the medulla in a 
consecutive series of 1 1 cases of spinal DAVM. This 
is thought to be a sign of venous myelopathy, specific 
to venous hypertension and arteriovenous shunt. 
These findings and their explanation need to be 
confirmed in larger studies (Hurst and Grossman 
2000). Presently, magnetic resonance angiography 
is increasingly being used to confirm the diagnosis 
of DAVM based on direct signs and to localize the 
fistula prior to selective angiography. Both TOF and 
PC MRA were tested in demonstrating spinal DAVM 
(Gelbert et al. 1992; Bowen et al. 1995; Mascalchi 
et al. 1995, 1997, 1999, 2001; Bowen and Pattany 
1997, 1998, 2000; Binkert et al. 1999; Shigematsu et 
al. 2000) and were found to improve the specificity of 
MRI. However, most MRA techniques applied until 
recently demonstrate enlarged intradural vessels but 
are not capable of delineating the feeding pedicle and 
draining vein, and therefore do not contribute to the 
localization of the fistula itself. Contrast-enhanced 
TOF and PC sequences (Bowen and Pattany 1997, 
1998) and phase display of 2D PC MRA (Mascalchi 
et al. 1999) have been found useful in some cases in 
delineating the fistula site. Rapidly repeated 3D angi- 
ographic sequences immediately following adminis- 
tration of gadolinium contrast agent and detection 
of the first pass of gadolinium improved visualiza- 
tion of the draining vein within the neural foramen 
(Binkert et al. 1999; Shigematsu et al. 2000). Most 
recently, Farb and colleagues applied automatic trig- 
gering of a fast, three-dimensional MR angiographic 
sequence by detection of the first pass of gadolinium 
within the aorta. This technique allowed accurate 
delineation of the feeding pedicle, and the draining 
vein and determination of the foraminal level of the 



fistula in all of their nine cases (Farb et al. 2002). With 
the most recent advances in MRA technology, MRI 
and MRA studies should be the primary tools in the 
diagnostic workup for spinal DAVM with an attempt 
to delineate the level and site of the fistula. Selective 
angiography is still required, focusing on the level 
previously determined by MRA. The goal of catheter 
angiography is to evaluate small anatomical details, 
such as the origin of radicular arteries supplying the 
anterior spinal artery, and to perform endovascular 
therapy if possible. Extensive angiographic workup 
of the entire spine should be avoided. 

Magnetic resonance techniques are also used for 
follow-up after treatment. Gradual disappearance of 
intramedullary high signal, cord enlargement, and 
contrast enhancement by MRI within 1-23 months 
following treatment (Willinsky et al. 1995; Hor- 
iKOSHi et al. 2000), as well as lack of enlarged peri- 
medullary vessels by MRA (Mascalchi et al. 2001), 
confirms the result of either surgical or endovascular 
disconnection of the arteriovenous shunt. 



4.3.3 

Angiography 

Noninvasive or minimally invasive imaging tech- 
niques including CT, MRI, and MRA, coupled with 
careful analysis of the clinical history, allow for estab- 
lishing the diagnosis of a DAVM with relatively high 
confidence in many cases. Borden type I. lesions, how- 
ever, may not produce any pathological changes on 
CT and MRI. Moreover, analysis of the hemodynamic 
pattern requires temporal resolution not provided by 
MRA. Details of the venous circulation and associ- 
ated venous occlusive disease may not be properly 
visualized by MR/CT techniques (Chen et al. 1992; 
Kallmes et al. 1998; Cellerini et al. 1999). As these 
details are critical in evaluating the risks associated 
with the individual pathology, selective angiography 
remains necessary for therapeutic decision-making. 

Proper angiographic evaluation of patients with 
intracranial DAVM requires analysis of all potential 
sources of arterial supply as well as draining veins 
and venous structures. The reach vascular supply of 
the dura provides anastomotic connections between 
different territories, and even the falx or the tentorium 
does not provide a barrier between the two hemi- 
spheres or the infra- and supratentorial compartments 
(Lasjaunias and Berenstein 1987). Selective injec- 
tions of all arteries that potentially supply a certain 
anatomical location are therefore indispensable for 
proper angiographic evaluation (Table 4.5) (Djindjan 
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and Merland 1978). While analysis of the arterial 
supply is important in disclosing the diagnosis, thor- 
ough study and understanding of the venous outlet is 
critical in order to establish the proper prognosis. This 
will allow appropriate indication of treatment and 
selection of the adequate therapeutic modality. 

Anterior fossa DAVMs are fed by branches of 
either ophthalmic artery (OphA), distal branches of 
the internal maxillary artery (IMA), and the middle 
meningeal artery (MMA) (Fig. 4.4a, b). In cavernous 
sinus DAVM, the most common arterial supply arises 



from cavernous branches of the ipsi- and contralateral 
internal carotid arteries (ICA), distal branches of the 
IMA, cavernous branches of the (MMA), and the ante- 
rior division of the ascending pharyngeal artery (APA) 
(Figs. 4.5, 4.19). Transverse, sigmoid sinus, and conflu- 
ens sinuum DAVMs receive blood from the tentorial 
branch of the ipsi- and sometimes contralateral ICA, 
the MMA, the posterior auricular (PA), the occipital 
(OA), and the posterior meningeal branches of the ver- 
tebral (VA) arteries. High-flow DAVMs in these loca- 
tions may recruit a blood supply from large branches 



Table 4.5. Expected feeding pedicles, recommended selective injections, and projections for intracranial DAVMs in different 
locations 



Location of DAVM 


Expected arterial supply 


Selective injections recommended 




Branches 


IpsUateral 


Contralateral Arteries projection 


Ipsilateral Contralateral 

AP Lateral AP Lateral 


Anterior fossa 


OphA 


+ 


+ 


ICA 


+ 


+ 


+ 






IMA 


+ 


+ 


ECA 


+ 


+ 


+ 






MMA 


+ 




VA 










Cavernous sinus 


ICA 


+ 


+ 


ICA 


+ 


+ 


+ 






IMA 


+ 


+ 


ECA 


+ 


+ 


+ 






MMA 


+ 


+ 


VA 












APA 


+ 


+ 












Transverse and 


ICA 


+ 




ICA 




+ 






sigmoid sinuses 


MMA 


+ 




ECA 


+ 


+ 


+ 






APA 


+ 




VA 


+ 


+ 


+ 


+ 




PA 


+ 
















OA 


+ 


+ 














VA 


+ 


+ 












Confluens sinuum 


ICA 


+ 


+ 


ICA 




+ 




+ 




MMA 


+ 


+ 


ECA 


+ 


+ 


+ 


+ 




APA 


+ 


+ 


VA 


+ 


+ 


+ 


+ 




PA 


+ 


+ 














OA 


+ 


+ 














VA 


+ 


+ 












Tentorium 


ICA 


+ 


+ 


ICA 


+ 


+ 




+ 




MMA 


+ 




ECA 


+ 


+ 


+ 






APA 


+ 


+ 


VA 


+ 


+ 


+ 






OA 


+ 
















VA 


+ 


+ 












Foramen magnum 


ICA 


+ 




ICA 


+ 


+ 








MMA 


+ 




ECA 


+ 


+ 


+ 






APA 


+ 


+ 


VA 


+ 


+ 


+ 






OA 


+ 


+ 














VA 


+ 


+ 












Convexity 


OphA 


+ 


+ 


ICA 


+ 


+ 


+ 






MMA 


+ 




ECA 


+ 


+ 


+ 






OA 


+ 


+ 


VA 


+ 


+ 


+ 






VA 


+ 


+ 












Superior sagittal sinus 


ICA 


+ 


+ 


ICA 


+ 


+ 


+ 


+ 




OphA 


+ 


+ 


ECA 


+ 


+ 


+ 


+ 




IMA 


+ 


+ 


VA 


+ 


+ 




+ 




MMA 


+ 


+ 














APA 


+ 


+ 














OA 


+ 


+ 














VA 


+ 


+ 
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of the subclavian artery such as the ascending cervical 
artery (Fig. 4.6). Lesions involving the tentorium are 
supplied by tentorial branches of the ICA bilaterally, 
by the neuromeningeal trunk of the APA on either 
side, and by the posterior division of the MMA, OA, 
and meningeal branches of the VA (Fig. 4.8). The blood 
supply to DAVMs around the foramen magnum may 
be recruited from tentorial branches of the ICA, pos- 
terior division of the MMA, neuromeningeal trunk of 
the APA, OA, and VA (Fig. 4.9). Superior sagittal sinus 
DAVMs have complex supply involving branches of 
the anterior (from OphA), middle, and posterior (from 
VA) meningeal arteries, and meningeal branches of the 
OAs. These usually high-flow lesions recruit arterial 
feeders from transosseal and subcutaneous sources 
such the superflcial temporal arteries (STA) and from 
pial arteries, such as branches of the anterior cerebral 
arteries. Blood supply is typically bilateral (Fig. 4.10). 
Dural shunts located on the convexity in the middle 
cranial fossa are supplied mostly by MMA branches 
(Fig. 4.11). The differential diagnosis of slowly pro- 
gressing myelopathy should include spinal DAVM that 
leads to spinal venous hypertension and hypoperfu- 
sion. Usually, MRI discloses spinal cord ischemia and 
enlarged intradural vessels. Spinal angiography is used 
to demonstrate the feeding pedicle and the draining 
vein of the fistula. Unless MRA provides accurate 
information on the foramina! level, selective injections 
of all segmental arteries potentially providing blood 
supply to the involved region of the spinal column 
must be studied, until the fistula is found. Spinal cord 
ischemia might be remote from the fistula site, which 
may make angiographic evaluation of the entire spine 
necessary, particularly if venous stasis is seen in spinal 
veins (Willinsky et al. 1990). If arteriovenous shunt 
within the spine cannot be demonstrated, a DAVM 
within the posterior fossa must be suspected that 
drains into spinal perimedullary veins, and appropri- 
ate injections must be performed (Fig. 4.9). 

Expected feeding pedicles and recommended injec- 
tions and projections are listed in Table 4.5. Because of 
the many anatomical variants and the dynamic nature 
of the disease, however, strict rules cannot be estab- 
lished and the angiographer should use the best indi- 
vidual judgment to explore all potential feeders. Long 
series with delayed images are necessary to study the 
venous drainage of the lesion. In addition to studying 
the venous outlet of the fistula itself, the venous drain- 
age of the brain parenchyma must be demonstrated. 
All major dural sinuses should be studied to disclose 
venous occlusive disease and to demonstrate patency 
and direction of flow within the major venous chan- 
nels draining the brain. 



4.4 

Therapy 

4.4.1 

Indications 

Currently available therapeutic options include 
no treatment, conservative treatment, palliative or 
definitive endovascular treatment, surgery, a combi- 
nation of endovascular treatment and surgery, and 
radiosurgery. As detailed in Sects. 4.2.2 and 4.2.3, the 
natural history of DAVM may vary from spontaneous 
cure (Magidson and Weinberg 1976; Bitoh and 
Sakaki 1979; Endo et al. 1979; Luciani et al. 2001) 
(Eig. 4.18) to fatal hemorrhage (Awad et al. 1990). 
With this large spectrum, not the diagnosis, but 
rather the expected prognosis of the disease should 
indicate treatment. This makes proper classification 
of patients by angiography mandatory. 

In a recent study by Davies et al., 21 of 26 patients 
with Borden type I. DAVMs experienced resolution or 
improvement of their symptoms without any treat- 
ment, and the other five remained unchanged. Owing 
to the low risk implied by the natural history of this 
type, and considering that malignant transformation 
following incomplete treatment may occur (Wata- 
NABE et al. 1984, 2000), this group of patients should 
be observed or treated conservatively until symp- 
toms are tolerated. Palliative or (if possible without 
high risk) definitive endovascular treatment should 
be offered for those whose symptoms (for instance 
pulsatile tinnitus) result in significant impairment of 
their quality of life. Similarly, progressive decrease of 
visual acuity or imminent loss of vision may prompt 
endovascular intervention in cases of cavernous 
sinus DAVM. 

Spontaneous transformation of a benign (Borden I) 
DAVM to a malignant (Borden II-III) one has been 
reported (Cognard et al. 1997). Patients with high- 
flow Borden I DAVM, particularly those in the sub- 
group of Cognard Il/a, may develop malignant eleva- 
tion of ICR Subsequently, patients with conservative or 
incomplete treatment should be closely observed and 
treated if necessary (Cognard et al. 1995; Davies et 
al. 1997). 

On the other hand, the high risk of DAVM with 
leptomeningeal venous drainage (Borden I-II) has 
been well documented (Awad et al. 1990; Borden 
et al. 1995; Cognard et al. 1995; Davies et al. 1996). 
Pour of 14 such patients died, representing a 19% 
yearly mortality (Davies et al. 1997). The malignant 
course of the disease in this group requires aggressive 
therapy leading to permanent elimination of factors 
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Fig. 4.18a, b. Spontaneous cure of DAVM. a Common carotid artery DSA in lateral view demonstrates CS DAVM (arrow) that 
drains into the SOV (small arrow), b Follow-up angiography 2 months later demonstrates complete obliteration of the DAVM. 
No treatment was performed 



posing a high risk. The treatment modality should 
be chosen by a team of experienced neurointerven- 
tionists and neurosurgeons based on the individual 
pathology. 

4.4.2 

Conservative Treatment 

Conservative treatment is offered to patients with 
Borden I fistula, who most often have their lesion 
on the cavernous sinus or on the transverse/sigmoid 
sinuses. These two are the most benign and the 
most common location of intracranial DAVMs. In 
a retrospective study by Cognard et ah, 69% of 
transverse sinus and 87% of cavernous sinus lesions 
had no leptomeningeal venous drainage (Borden I) 
and these two locations corresponded to 66% of all 
DAVMs studied (Cognard et al. 1995). 

Conservative treatment has two components. 
Manual vascular compression is utilized to facilitate 
spontaneous closure of the fistula. Medical treatment 
is used to control ocular symptoms if present. 

In case of benign transverse sinus fistulae, the 
pulsating occipital artery can be compressed over 
the mastoid by the patient for up to 30 min per treat- 
ment. This may reduce flow and induce spontaneous 
thrombosis with a reported frequency of 27% (Hal- 
BACH et al. 1987). Patients harboring DAVMs on the 
cavernous sinus might be treated similarly. In these 
cases, the common carotid artery-jugular vein com- 



plex is compressed (Matas maneuver) on the side of 
the fistula. As this manipulation carries some risks, 
patients with atherosclerotic carotid disease should 
not be treated. Patients in this group are instructed 
to compress their carotid bifurcation with their con- 
tralateral hand, so that if cerebral ischemia occurs 
the resulting motor weakness will automatically 
interrupt the procedure. The suspected mechanism 
is simultaneous decrease of the arterial and increase 
of the venous pressure, promoting thrombosis of the 
arteriovenous connection. Halbach reported a 33% 
rate of success with manual compressions of 10-30 s 
four to six times in each hour while awake for up to 6 
weeks (Valavanis 1993). As the incidence of sponta- 
neous thrombosis (Fig. 4.18) is unknown, the efficacy 
of the treatment cannot be established. 

In cavernous sinus DAVM the ocular symptoms 
require ophthalmological and medical therapy, 
including control of the (frequently elevated) intra- 
ocular pressure and protective treatment of the con- 
junctiva in cases of extensive chemosis. Mild diuresis 
utilizing furosemide (Lasix), 5-10 mg/day usually 
provides significant relief of the external ocular 
symptoms. Visual acuity, fundus, and intraocular 
pressure should be periodically checked in patients 
under conservative treatment. 

In our practice we initially propose observation 
only to patients with benign DAVM (regardless of 
location). Compression therapy is offered to patients 
presenting with significant ocular symptoms and 
those complaining of poorly tolerated tinnitus. 
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Additional medical and ophthalmological therapy 
is applied if necessary. Patients are followed in 
cooperation with the ophthalmologist. Spontane- 
ous closure of cavernous sinus DAVM is frequently 
preceded by transient worsening of the symptoms, 
including retinal hemorrhages and reduced vision. 
Central retinal vein thrombosis has been implicated 
as the underlying pathomechanism (Miki et al. 1988; 
Suzuki et al. 1989). If the ocular symptoms progress 
to an imminent loss of vision we consider repeat 
angiography and embolization. Significant change of 
the symptoms, including improvement such as ces- 
sation of tinnitus, may indicate spontaneous closure. 
However, this should raise the suspicion of a change 
in the venous drainage pattern and prompt repeat 
studies before the patient is considered cured. 

4.4.3 

Endovascular Treatment 

The goal of aggressive treatment of a DAVM can be 
(a) cure of the lesion, (b) conversion of a high-risk fis- 
tula to a low-risk one, and (c) palliation of symptoms 
caused by a low-risk lesion. As previously shown, the 
pathological entity of DAVM seems to be located 
within the wall of dural sinuses, veins, or leptomen- 
ingeal veins. The pathophysiological effect of the 
shunt is exercised on the venous system. Complete 
and permanent cure can be achieved only by closing 
all pathological connections between the arterial and 
venous side of the lesion. Theoretically, this can be 
obtained (a) by approaching the site of shunt through 
the feeding arteries and plugging the arteriovenous 
communication with an embolic material, or (b) by 
sealing the lumen of the draining venous structure 
off from the arteriovenous shunt (that exists inside 
its wall) by packing the entire section of that venous 
structure with an embolic material. 

4.43.1 

Transarterial Embolization 

Considering the multiplicity of the arterial feed- 
ers that drain into a single venous channel and the 
multiple microshunts that exist inside the wall of the 
vein between arteriolae and venulae (Nishijima et 
al. 1992; Hamada et al. 1997; Momoji et al. 1997), 
complete closure is difficult or impossible to achieve 
from the arterial side. Embolic material injected 
from the feeding arteries is very likely to get wedged 
proximal to the shunt. Transarterial embolization 
therefore rarely results in complete cure of DAVMs 



and should be reserved for those cases in which the 
fistula cannot be reached via the transvenous route 
(goal a), for the palliation of symptoms in case of low- 
risk DAVMs (goal c), or as a preoperative measure to 
facilitate surgery (goal a). 

Technically, solid - i.e., polyvinyl alcohol particles 
(PVA), platinum coils - and liquid embolics are used 
that are delivered through microcafheters coaxially 
introduced into a distal superselective position within 
the feeding pedicles. Dangerous anastomoses should 
always be considered prior to transarterial emboliza- 
tion. Potential connections between the IMA and the 
OphA, the MM A and the OphA and ICA, between the 
anterior division of the APA and the ICA, the posterior 
division of the APA and the VA, the OA and the VA 
must always be kept in mind, even if not visualized by 
superselective injection. The blood supply to cranial 
nerves should be considered when embolizing from 
the MMA and APA (Lasjaunias and Berenstein 
1987). Inadvertent injection of the embolic material 
into cerebral arteries via dangerous anastomotic 
channels will result in stroke. Application of particles 
as an embolic agent carries little risk of stroke, as these 
particles are unlikely to reach intracerebral vessels via 
small-caliber anastomoses. Intra-arterially delivered 
microcoils will stay at the site of delivery and therefore 
carry no risk of intracerebral embolization (Nakstad 
et al. 1992). This material will, however, produce proxi- 
mal occlusion of the feeding pedicles, which will result 
in collateral blood supply to the shunt. 

In our experience, using transarterial embolization 
with particles in cavernous sinus DAVM may facilitate 
spontaneous occlusion of the fistula by decreasing the 
arterial load towards the draining vein. We apply this 
technique in cases where treatment is necessitated by 
progressive symptoms and the lesion is not reach- 
able via the venous route. Transient worsening of the 
ocular symptoms may occur after partial transarterial 
embolization and can be attributed to progressive 
thrombosis of the superior ophthalmic vein (Sergott 
et al. 1987; Nagy et al. 1995) or the central retinal vein 
(Hashimoto et al. 1989). This requires aggressive 
dehydration including the administration of furose- 
mide, mannitol, and steroids. In most cases this is fol- 
lowed by gradual improvement and (probably sponta- 
neous) cure (Sergott et al. 1987). During this period, 
patients need to be carefully followed, their ocular 
status and visual acuity regularly checked. In case of 
progressive loss of vision a more effective treatment 
modality must be considered. 

Multiple EGA feeders can be embolized with small 
PVA particles (50-250 pm). Generally, the smaller the 
particles, the better the result that can be expected. 
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In the presence of dangerous anastomoses, larger 
particles should be selected to avoid complications. 
Catheterization of small cavernous branches of 
the ICA is usually difficult, frequently impossible. 
Embolization with small particles from a narrow, 
short meningeal branch might be dangerous even 
if technically feasible (Halbach et al. 1989). In such 
cases microcoils can be placed to reduce fiow via 
ICA branches followed by extensive embolization 
through ECA feeders (Fig. 4.19). 




Particulate embolization can also be applied pre- 
operatively for lesions requiring extensive surgery. As 
fast recanalization is expected, surgery should follow 
embolization with little delay (Fig. 4.20). 

In case of high-risk (Borden I-II) DAVMs, particu- 
late embolization as a sole treatment does not pro- 
vide safe and permanent prevention from subsequent 
bleeding. If transarterial embolization is considered 
in such cases because neither surgery nor trans- 
venous embolization is feasible or recommended. 




Fig. 4.19a-d. Endovascular treatment of DAVM by transarterial embolization, a and b DSA with Selective ECA (a) and ICA (b) 
injections demonstrates CS DAVM {broken arrow) draining into the SOV {open arrow), fed by distal internal maxillary {small 
arrow), middle meningeal {small curved arrow), ascending pharyngeal (arrow) branches and a prominent dural pedicle of the 
meningohypophyseal branch of the ICA. c and d Complete obliteration of the DAVM following transarterial embolization of 
the ECA branches using PVA and occlusion of the meningohypophyseal pedicle by deposition of a small detachable microcoil 
within its lumen (arrow) 
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Fig. 4.20a-c. Combined treatment of DAVMs involving preop- 
erative embolization and surgical excision. DSA images with 
selective EGA injections in lateral view, a DAVM of the sigmoid 
sinus (asterisk) with ipsilateral sigmoid sinus occlusion, severe 
stenosis of the ipsilateral transverse sinus and retrograde flow 
(broken arrow) towards the contralateral transverse sinus and 
into subarachnoid veins (arrowheads). Aiteiial feeders include 
branches of the middle meningeal artery (small arrows) and of 
the occipital artery (small curved arrows), b Persistent DAVM 
with significant reduction of flow following multiple sessions 
of transarterial embolization utilizing cyanoacrylate glue. 
Retrograde venous drainage is not seen, c Complete oblitera- 
tion of the fistula and normal arterial flow following surgical 
resection 




liquid embolics should be chosen. Cyanoacrylate glue 
mixed with Lipiodol is most commonly employed as 
a liquid embolic agent. The glue, N-butyl-cyanoac- 
rylate, polymerizes quickly in an ionic environment 
such as blood. Lipiodol, a radiopaque oil, is added 
to provide radiopacity and to regulate solidification 
time (Cromwell and Kerber 1979; Kerber et al. 
1979; Bank et al. 1981). Most DAVMs have relatively 
small-caliber feeders and a meshwork of fine arter- 
ies within the nidus. For effective embolization, the 
microcatheter must be placed in a very distal posi- 
tion and the glue needs to be highly diluted with 
Lipiodol (Liu et al. 2000; Iizuka et al. 2001). Depend- 
ing on the arteriovenous transit time, a glue-to-oil 
ratio of 1:3-1:7 is frequently used. The best result of 
transarterial embolization with glue is achieved if the 
radiopaque glue reaches the venous site of the lesion 
without producing occlusion of major draining veins 
(Fig. 4.9). In case of direct arteriovenous communi- 
cation, much lower dilution or even undiluted glue 
needs to be applied to avoid undesired venous occlu- 



sion or pulmonary embolism. Both potential danger- 
ous anastomoses and the cranial nerve blood supply 
must be seriously considered if diluted glue is used, 
since the risk of stroke or cranial nerve ischemia is 
significantly higher than if particles are used. Reflux 
of glue proximal to the microcatheter tip may also 
lead to inadvertent embolization of normal arteries. 

Because transvenous embolization is not feasible 
for spinal lesions, transarterial embolization with 
glue is the treatment of choice for a spinal DAVM with 
an arterial feeder that allows safe and distal catheter- 
ization and does not supply the anterior spinal artery. 
Glue should be pushed until it reaches the draining 
vein (CoGNARD et al. 1996; Song et al. 2001). 

4.43.2 

Transvenous Embolization 

While it is difficult to obliterate multiple arteriove- 
nous connections via the feeding arteries, this can be 
easily achieved by packing the lumen of the single 
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venous channel of the lesion. Although this might 
induce transient pressure elevation inside the nidus, 
rupture and bleeding does not occur, as the nidus is 
located within the dura and is surrounded by thick 
walls, reinforced by connective tissue proliferation 
(Houdart et al. 1993). In contrast to brain AVMs, 
venous occlusion is feasible and highly effective for 
DAVMs (Halbach et al. 1989). Permanent and com- 
plete sacrifice of a dural sinus is feasible without caus- 
ing venous infarction if the involved section does not 
drain the brain tissue. Venous embolization therefore 
requires thorough study of the venous circulation. 
Venous drainage of both the anterior and posterior 
circulation needs to be investigated on both sides. 
Long angiographic series must be obtained. Drainage 
of the malformation is seen in the late arterial phase. 
Venous drainage of the brain tissue can be observed 
on late venous phase images, frequently with long 
delay representing venous congestion. Visualization 
of the same venous structure (sinus or cortical vein) 
in both the early and late phases demonstrates par- 
ticipation of the involved segment in normal venous 
flow. Occlusion of a venous segment draining brain 
tissue may result in venous infarction and should not 
be performed. If the venous fiow cannot be properly 
clarified, the normal venous routes can be studied 
during temporary test occlusion of the involved sinus 
using detachable balloons (Urtasun et al. 1996; Roy 
and Raymond 1997). 

The venous approach to intracranial DAVMs is 
variable. A simultaneous transfemoral arterial cath- 
eterization of one of the main feeding arteries is nec- 
essary. This will provide the possibility of generating 
a road map of the venous system using the late phase 
of the arterial injection. It will also allow for control 
arterial injections during the procedure. The trans- 
femoral approach via the femoral vein provides the 
most convenient access to the intracranial sinuses. 
Usually 5- or 6-French (F) guiding catheters are used, 
except if balloon test occlusion or permanent balloon 
occlusion is entertained that requires 8-F guides. 
Catheter navigation into the internal jugular veins, 
however, might be difficult or impossible. In such 
cases, direct retrograde puncture of the internal jug- 
ular vein should be considered (Urtasun et al. 1996). 
If even this maneuver does not allow access to the 
involved segment of the dural sinuses, a more distal 
direct venous puncture can be obtained, depend- 
ing on the individual anatomy as demonstrated by 
angiography. As an example, microcatheters can be 
introduced into the superior ophthalmic vein and the 
cavernous sinus via the facial vein on some occasions. 
Finally, direct puncture of the superior sagittal sinus 



and transverse/sigmoid sinuses can be obtained via 
surgically created burr holes (Urtasun et al. 1996) or 
intraoperatively, through a small craniotomy (Endo 
et al. 1998). 

Occlusion or thrombosis of the major sinuses that 
frequently complicates DAVM may make transvenous 
access challenging. However, distal catheterization of 
the internal jugular vein generally makes introduc- 
tion of microcatheters possible through occluded 
segments of the sigmoid or transverse sinus (Gobin 
et al. 1993; Naito et al. 2001). Alternately, access can 
be gained via the contralateral transverse sinus and 
the confiuens sinuum. The ipsilateral inferior petro- 
sal sinus provides the most convenient access to the 
cavernous sinus (Fig. 4.21). Even if not visualized 
on arteriograms, its entrance can usually be found 
with some manipulation of the guidewire within the 
jugular vein (Halbach et al. 1989). With the help of 
micro-guidewires, hydrophilic microcatheters can 
than be easily navigated into the cavernous sinus. 
A phlebogram using a large volume of contrast 
medium may help in identifying a remnant of the 
inferior petrosal sinus (Benndorf et al. 2000). If the 
ipsilateral inferior petrosal sinus is not found, the 
cavernous sinus might be catheterized with micro- 
catheters introduced via the contralateral inferior 
petrosal sinus into the contralateral cavernous sinus 
and crossing the midline via intercavernous veins 
(Halbach et al. 1989). 

In none of the above avenues are feasible, for cav- 
ernous sinus DAVM the superior ophthalmic vein 
offers an excellent approach (Labbe et al. 1987; Han- 
NEKEN et al. 1989; Miller et al. 1995; Quinones et 
al. 1997; Klink et al. 2001). Through a small incision 
in the upper sulcus of the superior eyelid the orbital 
septum is opened and the superior ophthalmic vein 
is exposed within the retroseptal orbital fat. Once 
identified, the superior ophthalmic vein is incised 
between ligatures and a microcatheter is introduced 
under fluoroscopy into the cavernous sinus. Either 
microballoons or microcoils can be used to occlude 
the fistula. In case of normal drainage of the sylvian 
vein into the same cavernous sinus, the compartment 
receiving the shunt should be selectively occluded 
(Nakamura et al. 1998). Either the superior oph- 
thalmic vein is permanently ligated or the incision is 
closed with microsutures at the end of the procedure 
(Miller et al. 1995). Direct puncture of the superior 
ophthalmic vein has also been reported (Benndorf 
et al. 2001). In case of DAVM involving subarachnoid 
veins that drain into sinuses, selective transvenous 
retrograde catheterization of the vein itself can be 
attempted. If successful, the vein itself can be occluded 
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Fig. 4.21a-d. Endovascular treatment of cavernous sinus DAVM with transvenous embolization, a DSA with ICA injection, 
lateral view demonstrates DAVM of the posterior CS {open arrow) draining via the inferior petrosal sinus (IPS) (arrow), b Late 
venous phase of a ICA injection in an oblique view demonstrates bilateral SPS drainage (arrows), c Superselective injection of 
the ipsilateral CS (open arrow) following transfemoral catheterization of the ipsilateral internal jugular vein and introduction 
of a microcatheter via the IPS. Bilateral IPS drainage is well seen, d Complete obliteration of the DAVM is demonstrated by ICA 
injection in lateral view following the deposition of several detachable microcoils within the posterior CS (broken arrow) 



with microcoils, and patency of the sinus (which in 
this case is normal) can be spared (Mironov 1998). 
The draining vein can be occluded from a transarte- 
rial approach, too, if enlarged arterial feeders and the 
arteriovenous connection allow the microcatheter to 
pass the fistula (Fukai et al. 2001). 

Once transvenous access to the fistula site has 
been secured, the involved venous segment can be 
occluded using detachable balloons, microcoils, 
detachable microcoils, or glue. The segment that 
carries the malformation and any cortical veins that 
drain into the same sinus must be identified with 
extreme care. The entire section with fistulous con- 



nections must be tightly packed. Failure to occlude all 
arteriovenous connections may convert an originally 
benign venous pattern to a more aggressive one by 
blocking its antegrade outlet and forcing high-pres- 
sure arterial blood into the retrograde direction or, 
more malignantly (Davies et al. 1997), into cortical 
veins. On the other hand, closure of the entrance 
of normal subarachnoid veins may lead to venous 
infarction and hemorrhage. The use of detachable 
microballoons allows precise analysis of the venous 
circulation by temporary test occlusion prior to 
permanent closure (Urtasun et al. 1996; Roy and 
Raymond 1997). The disadvantage of using bal- 
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loons is that they require a large (8-F) guiding cath- 
eter. Furthermore, any space remaining unpacked 
between balloons within the sinus will become an 
isolated sinus. If that segment carries residual arte- 
rial feeders as well as cortical veins, a high-grade 
fistula (Borden III) has been created. Alternatively, 
detachable and free pushable microcoils are being 
used to pack dural sinuses. Detachable coils can 
be delivered with more accuracy, in relation to any 
vascular structure (normal veins) that needs to be 
spared. One or more detachable coils can be placed 
at the end of the involved segment that is distal in 
relation to the tip of the guiding catheter. Once the 
distal edge of the occlusion is secured, the rest of the 
sinus is packed with free pushable coils, proceeding 
proximally. The disadvantage of using coils is that 
usually a large number of expensive microcoils and 
a lengthy procedure are required to achieve complete 
occlusion (Fig. 4.22). To reduce the number of coils, 
glue can be injected in combination with coils once 
the flow has been significantly reduced, or fiow can be 
diminished by manual compression of the eyeball in 
case of cavernous sinus DAVM (Roy and Raymond 
1997). To facilitate transvenous occlusion of DAVM, 
transarterial embolization may be obtained prior to 
venous occlusion to reduce arterial load. 

In studies analyzing results of transvenous embo- 
lization in series of 20-24 patients with nonselected 
DAVM, anatomical cure of 71%-88%, significant fiow 
reduction of 12%, clinical cure in 83%-96%, and 
clinical improvement of 13% are reported (Urtasun 
et al. 1996; Roy and Raymond 1997). Patients in 
series of 10-13 with cavernous sinus DAVM treated 
via the superior ophthalmic vein approach experi- 
enced a 92%-100% clinical and anatomical cure rate 
and 15% transient worsening of the ocular symptoms 
(Miller et al. 1995; Quinones et al. 1997). 

Other transient complications including cranial 
nerve palsies and hearing loss (Roy and Raymond 
1997; OiSHi et al. 1999), as well as subdural hema- 
toma associated with direct sinus puncture through 
a burr hole and perforation of sinus wall (Urtasun et 
al. 1996), are reported with low incidence (Irie et al. 
2001). Recurrence of DAVM at another location fol- 
lowing transvenous obliteration of cavernous sinus 
lesions occurs (Nakagawa et al. 1992; Kawaguchi 
et al. 1999; Kubota et al. 1999). It is unclear whether 
this is related to a permanent elevation of venous 
pressure, increased release of angiogenetic factors, or 
increased thrombogenic activity. 

Combined surgical-endovascular approaches 
for sinus occlusion have been reported by several 
authors. Sections of sinuses isolated by complete 



sinus thrombosis can be packed with coils through 
a small craniotomy (Endo et al. 1998). During such 
procedures, direct measurements demonstrated 
30%-60% of systemic blood pressure and purely 
arterial blood gas levels within the involved sinuses 
prior to treatment. If surgically exposed, the involved 
segment of the sinus can be isolated by surgical 
clamping, the subarachnoid veins draining into this 
segment ligated, and the sinus injected with glue 
(Halbach et al. 1989). The disadvantage of these 
combinations are that they require intraoperative 
angiographic facilities that are not always available, 
and even if they are, the quality may not be that of 
a dedicated endovascular laboratory. With currently 
used techniques endovascular access to intracranial 
sinuses can be gained with a high success rate. If this 
is not feasible, surgical treatment of the disease (with 
preoperative embolization if necessary) seems more 
reasonable than endovascular techniques applied in a 
surgical environment. This latter combination should 
be reserved for cases where neither embolization nor 
surgery can be safely employed. 

4.43.3 

Sinus Recanalization 

Although the relationship between sinus thrombosis 
and DAVM is not yet fully understood, the etiologic 
role of thrombosis has been raised. If the occlu- 
sion or thrombosis of a dural sinus is the primary 
cause of a DAVM, then recanalization of that sinus 
would be a highly reasonable approach to treatment. 
Revascularization of thrombosed sinuses using local 
fibrinolysis with selective infusion of urokinase has 
been employed in cases of DAVM associated with 
symptomatic sinus thrombosis (Barnwell et al. 
1991; Smith et al. 1994). More recently, mechanical 
recanalization of an occluded sigmoid sinus has been 
attempted using balloon angioplasty and stent place- 
ment. Balloon angioplasty resulted in conversion of 
the fistula from Borden II to Borden I by reestablish- 
ing antegrade venous drainage through the sigmoid 
sinus. Rethrombosis of the sinus occurred and a 
second procedure was performed, resulting in com- 
plete obliteration of the DAVM, normal antegrade 
fiow within the sinus, and clinical improvement of 
the patient (Murphy et al. 2000). The implication of 
this report is controversial. Reopening of an occluded 
venous channel seems more physiological than what 
has been widely practiced; artificial occlusion of what 
was not yet ( completely) occluded. On the other hand, 
the recanalization procedure applying selective infu- 
sion of fibrinolytics and systematic use of antiaggre- 




Fig. 4.22a-f. Endovascular treatment of sigmoid sinus DAVM with transvenous embolization, a DSA with Left EGA injection 
demonstrates DAVM involving the SS (asterisk) on the left with antegrade (small arrow) and retrograde (arrow) flow within 
the sinus, b Left ICA injection, AP view, late phase demonstrates “functional occlusion” of the sigmoid sinus on the left: arterial 
pressure from the DAVM prevents venous drainage of the brain parenchyma, c Lateral view of the ICA injection in the late phase 
demonstrates a prominent ipsilateral vein of Labbe (open arrow) that drains into the sinus in a retrograde fashion, d DSA, EGA 
injection following extensive transarterial embolization reduction of shunt flow and antegrade venous drainage only. The patient 
continued complaining of intolerable pulsatile tinnitus, e Complete occlusion of the DAVM following endovascular packing of 
the sigmoid sinus with several microcoils (broken arrow). DSA, left EGA injection, lateral view, f ICA injection confirms patency 
of the vein of Labbe (arrow) following sinus and DAVM occlusion 
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gants in association with stent placement may signifi- 
cantly increase the risks of bleeding that may occur 
as a result of a high-grade DAVM. Further research 
needs to be done to clarify current controversies. 

4.4.4 

Surgical Treatment 

The goal of surgical treatment is permanent cure of 
the DAVM (goal a). For DAVMs that drain directly 
into leptomeningeal veins, simple interruption of 
that vein at the level of the dural entry results in 
complete elimination of the DAVM (Thompson et al. 
1994; Hoh et al. 1998; Collice et al. 2000). For spinal 
DAVMs surgical disconnection of the draining vein 
at the dural level is the obligate treatment. 

Lesions draining into sinuses are more complex 
are require extended surgery. The surrounding dura 
that contains the multiple arteriovenous shunts 
needs to be cut off the sinus (“skeletonization”) 
and/or the diseased segment of the sinus needs to be 
removed or occluded (Sundt and Piepgras 1983). 
With proper preoperative angiographic analysis, the 
most appropriate surgical technique can be selected 
(Collice et al. 2000). 

Skeletonization, or removal of the sinus, requires 
extensive exploration of the dura and may be asso- 
ciated with significant blood loss and morbidity. 
Preoperative transarterial embolization is therefore 
recommended if that type of surgery is required. 
Such a combination is usually associated with excel- 
lent results: an anatomical cure rate of 100%, with 
0% permanent procedure-related morbidity and no 
mortality, is reported by several studies in series con- 
sisting of 17-34 patients with high-risk intracranial 
DAVM (Goto et al. 1999; Collice et al. 2000). 

Preoperative embolization should concentrate 
on reduction of blood flow towards the nidus of the 
lesion. This is best achieved using liquid embolics; 
however, temporary results can be obtained with 
particles, too, which is associated with fewer risks. It 
should be kept in mind that superficial arterial feeders, 
such as those arising from the occipital artery, can be 
relatively easily handled during surgery, while blood 
supply from the tentorial branch of the ICA creates 
more difficulties for the surgeon. Transosseous blood 
supply and venous drainage results in significant 
blood loss that is difficult to control surgically. Surgery 
should follow preoperative embolization within a few 
days to avoid recanalization (Fig. 4.20). 

The treatment of spinal DAVM by surgery is easy, 
safe, and effective and requires interruption of the 



draining vein at its dural entrance only (Anson and 
Spetzler 1992). Therefore, embolization of spinal 
DAVM should be offered only if the feeding pedicle 
provides a safe approach to a position close to the 
fistula site and it does not give rise to radiculomedul- 
lary branches supplying the anterior spinal artery. If 
there is a risk of reflux into the anterior spinal artery, 
surgery is significantly safer and should be selected. 

4.4.5 

Stereotactic Irradiation (Radiosurgery) 

Several authors investigated stereotactic irradiation 
as a treatment modality for intracranial DAVM. 
Targeting of the lesions may require stereotactic 
angiography and image fusion with MRI (Guo et al. 
1998). Maximum target doses of 22-30 Gy are used, 
delivered by gamma knife. In some series, preop- 
erative embolization was applied either to alleviate 
symptoms or in an attempt to block leptomeningeal 
venous drainage and subsequently reduce the risk of 
hemorrhage during the latency period of gamma knife 
radiosurgery (Link et al. 1996; Pollock et al. 1999). 
In series of 18-29 patients treated, 72%-86% rates of 
angiographically complete occlusion and recurrence 
of symptoms in 15% are reported within a follow up 
of 12-36 months, without significant complication and 
no bleeding after irradiation (Link et al. 1996; Guo et 
al. 1998; Pollock et al. 1999). While these numbers are 
promising, considering the benign nature and propen- 
sity for spontaneous resolution of many DAVMs, it is 
difficult to draw a conclusion regarding the efficacy of 
this treatment modality. Radiosurgery is reported in a 
number of cavernous sinus DAVMs. Many cavernous 
sinus lesions do not necessitate treatment, and those 
that do require fast resolution of ocular symptoms 
that cannot be achieved by irradiation. In view of 
the natural history of DAVM (as presently known), 
we believe that radiosurgery should be reserved for 
cases in which treatment is necessary and no other 
alternative is feasible. 



4.4.6 

Management Strategy and Choice of Treatment 

Indication for treatment should be based primarily 
on angiographic assessment of venous drainage and 
secondarily on clinical presentation. Patients without 
leptomeningeal drainage (Borden I) do not need to 
be treated if symptoms are well tolerated and do not 
cause an imminent visual loss. Medical and ophthal- 
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mological treatment should be applied as needed. 
If symptoms are not tolerated, treatment should be 
offered. Although complete closure of the shunt is 
desirable, palliative therapy is acceptable considering 
the low risk of the disease in this group. Within the 
Borden I category, Cognard type Il/a lesions require 
closer follow-up. If signs of elevated ICP are detected 
aggressive treatment is recommended to avoid com- 
plications. All Borden type II and III patients require 
definitive closure of the arteriovenous shunt because 
of the high risk of bleeding or neurological deteriora- 
tion in these cases (Fig. 4.23). 

If treatment is decided on, medical conditions, 
location, arterial and venous anatomy need to be 
taken into consideration in order to select the best 
operative technique. In a recent meta-analysis of 258 
reported cases, results of endovascular, surgical, and 
combined endovascular and surgical procedures, 
as well as surgical feeding artery ligation, were 
compared. Treatment was considered successful if 
complete angiographic occlusion was achieved. Not 
surprisingly, proximal occlusion of the feeding artery 
was found highly ineffective. For transverse-sigmoid 
sinus DAVMs, combined endovascular-surgical 
treatment (including all potential endovascular and 
surgical techniques) was more effective than all the 



other techniques together, demonstrating a success 
rate of 68%. Embolization alone was effective in 41% 
only. Similarly, DAVMs of the tentorial incisura were 
obliterated by the combined approach in 89%, while 
surgery alone demonstrated 78% and embolization 
alone 31% success. All cavernous sinus DAVMs were 
treated endovascularly. The venous approach was 
effective in 78%, arterial embolization in 62% only. 
Anterior fossa DAVMs were treated by surgery only, 
with a success rate of 95%. The number of cases 
located on the superior sagittal sinus or on the con- 
vexity was too low to draw a statistical conclusion 
(Lucas et al. 1997). 

As shown by this report, cavernous sinus DAVM 
is primarily an endovascular disease, while anterior 
fossa lesions are generally better treated by surgery. 
Selection of the most appropriate technique for all 
other locations requires careful individual analysis 
of the anatomy in close cooperation between the 
neurosurgeon and the neurointerventionist. Not only 
the decision-making but also the operation itself may 
require collaboration of the two parties. The personal 
experience of both surgeon and endovascular thera- 
pist will greatly infiuence the choice of technique. If 
an endovascular procedure is selected, the benefits 
and disadvantages of both the venous and the arte- 
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Fig. 4.23. Management strategy and indications for treatment 
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rial approach should be carefully analyzed. For cav- 
ernous sinus DAVM, transarterial embolization may 
be applied as a palliative treatment that in some case 
may also facilitate spontaneous cure. In case of com- 
plex arterial supply involving meningeal branches of 
the ICAs, the venous approach is preferred. For other 
locations, venous occlusion should be considered 
first, with or without previous arterial embolization. 
For permanent arterial occlusion a liquid embolic 
material must be employed. If complete occlusion 
of the sinus or meningeal vein is not feasible, sur- 
gery always needs to be taken into consideration. 
Preoperative transarterial embolization provides 
effective help for the surgical treatment while pre- 
operative venous embolization may not be necessary. 
Stereotactic radiosurgery should be offered to those 
patients who need to be treated and are not candi- 
dates for either embolization or surgery. Although 
DAVMs present one of the most challenging groups 
of cerebrovascular disease for surgeons and radiolo- 
gists, with state-of-the-art imaging techniques, thor- 
ough analysis, and understanding of the pathology, 
and with the common effort of an experienced neu- 
rosurgical-neuroendovascular team, most patients 
can be successfully managed, either conservatively 
or aggressively. 
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Intracranial aneurysms do not fall precisely into 
the category of true vascular malformations; they 
are usually acquired. However, we included them 
because any neuroradiologist with an interest in 
vascular malformations and/or endovascular therapy 
clearly expects this entity to be covered extensively in 
a book such as this. Instead of using the modern way 
of communicating data (coloured boxes and tables), 
we have used the traditional form of writing with 
reiteration, mixing facts with opinions and illustrat- 
ing as much as possible with radiological images. It is 
our hope that many people will read the chapter from 
beginning to end, and that redundancy and images 
will help to memorize new information. 



5.1 

Pathology 

5.1.1 

Classification 

Classification of intracranial aneuryms may be 
based on morphology, size, location and etiology. 
The majority of intracranial aneurysms are true 
aneurysms containing all layers or components of 
the normal vessel wall. In contrast, in false aneu- 
rysms or pseudoaneurysms the vascular lumen does 
not enlarge, although the external diameter of the 
abnormal segment may be increased. These aneu- 
rysms are rare within the skull. 

Usually, intracranial aneurysms are divided into 
three basic types: saccular, fusiform and dissect- 
ing. They can arise as solitary (70%-75%) or mul- 
tiple (25%-30%) vascular lesions, usually located 
at the Circle of Willis. While traumatic, infectious 
or tumor-associated aneurysms are rare, most of 
them develop spontaneously. However, the patho- 
genetic criteria for the development of spontane- 
ous aneurysms are only partially understood. 
Endogenous factors like elevated arterial blood 
pressure, special anatomical relationships given 
by the Circle of Willis, altered flow conditions, 
and exogenous factors like cigarette smoking, 
heavy alcohol consumption and anticoagulant or 
contraceptive medications have all been found 
to be associated with the occurrence of cerebral 
aneurysms (Juvela et al. 2001; Longstreth et 
al. 1985; Stehbens 1989; Teunissen et al. 1996; 
Weir et al. 1998). The most common causes for the 
development of an aneurysm are hemodynami- 
cally induced vascular injuries, atherosclerosis. 



underlying vasculopathy and high flow states. 
More uncommon etiologies are trauma, infection, 
drug abuse and neoplasms. 

5.1.2 

Saccular Aneurysms 

Saccular aneurysms are berry-like vessel outpouch- 
ings mostly arising from arterial bifurcations and 
account for 66%-98% of intracranial aneurysms 
(Yong-Zhong and van Alphen 1990). The vast 
majority of aneurysms (85%) are located in the 
anterior and only 15% are located in the posterior 
circulation (Kassell and Torner 1983). 

The majority of saccular aneurysms are not con- 
sidered to be congenital, but develop during life. 
Cerebral aneurysms are rare in children and almost 
never occur in neonates (Heiskanen 1989). If a 
neonate or young baby suffers from an aneurysmal 
hemorrhage, usually a connective tissue disease is the 
underlying cause. 

In adults the role of acquired changes in the 
arterial wall is likely because there are general risk 
factors for subarachnoid hemorrhage (SAH) and 
presumably for the development of aneurysms 
like hypertension, smoking and alcohol abuse 
(Teunissen et al. 1996). These factors might contrib- 
ute to general thickening of the intimal layer in the 
arterial wall, distal and proximal to branching sites. 
These “intimal pads” are probably the earliest stages 
of aneurysm formation. Within these pads, the inti- 
mal layer is inelastic and therefore causes increased 
strain of the more elastic portions of the vessel wall 
(Crompton 1966). Abnormalities in structural 
proteins of the extracellular matrix additionally 
contribute to aneurysm formation (Chyatte et 
al. 1990). However, it is not known why only some 
adults develop aneurysms at arterial bifurcations 
and most do not. The popular theory of a congenital 
defect in the tunica media of the muscle layer as a 
weak spot through which the inner layer of the arte- 
rial wall would bulge has had doubt cast upon it by 
a number of contradicting observations. Gaps in the 
muscle layer are equally present in patients with and 
without aneurysms (Stehbens 1989). If the aneu- 
rysm has formed, any defect in the muscle layer is 
not located at the neck, but somewhere in the aneu- 
rysmal wall of the sac (Stehbens 1989). 

The most plausible pathogenetic theory is that 
they are acquired due to hemodynamic stress on the 
relatively unsupported bifurcations of cerebral arter- 
ies (Timperman et al. 1995). This is supported by the 
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Fig. 5.1.1. a Aneurysm of the basilar artery in a newborn (ap view), b Aneurysmography revealed a large bilobulated aneurysm 
(ap view) 



clinical observation that many patients with an ante- 
rior communicating artery (Acorn) aneurysm do have 
one hypoplastic or absent A1 segment and thus an 
increased hemodynamic stress on the AcomA. Other 
factors than hemodynamics and structural alterations 
of the vessel wall contributing to the development of 
saccular aneurysms may be genetic, infection, trauma, 
neoplasms, radiation or idiopathic. 

5.1.3 

Dissecting Aneurysms 

Spontaneous arterial dissection has been well recog- 
nized at the cervical portion of the carotid artery and 
extracranial vertebral artery as an important cause of 
ischemic stroke in young adults. In contrast, intra- 
cranial or intradural dissections more often cause 
subarachnoid hemorrhage instead of stroke. The true 
prevalence of intracranial dissections is unknown. 
Sasaki et al. (1991) described dissecting aneurysms 
accounting for 4.5% of the autopsy cases of SAH. In 
contrast to saccular aneurysms dissecting aneurysms 
occur much more often in the vertebrobasilar system 
and more often in man than in woman (Yamaura 
et al. 2000). 

Dissecting aneurysms of the extracranial carotid 
and vertebral arteries are often traumatic in origin. 
However, they may also be caused by fibromuscular 
dysplasia, atherosclerosis, infection, arthritis, heri- 



table connective tissue disorders and chiropractic 
manoeuvres, or may occur spontaneously. Dissecting 
aneurysms are usually false aneurysms consisting 
of a false lumen within an injured arterial wall. An 
intimal tear is followed by an intramural hemorrhage 
between the media and adventitia (Schievink 2001). 
The majority of dissecting aneurysms in supraaortal 
vessels are found at extracranial segments. However, 
if dissections occur intracranially, e.g. at the intra- 
dural portion of the vertebral or carotid artery, these 
can clearly cause subarachnoid hemorrhage. In our 
experience these dissecting aneurysms may be the 
most often overlooked cause of the so-called non- 
perimesencephalic form of non-aneurysmal SAH. 

Magnetic resonance imaging is the diagnostic 
modality of choice, since the intramural hematoma 
can be directly visualized. Angiography may reveal 
luminal dilatation followed by tapering of the vessel 
(string sign). The major clinical concern of extra- 
cranial dissections are distal embolization or subse- 
quent arterial occlusion. Rupture of an extracranial 
dissecting aneurysm is rare (Schievink 2001). The 
therapeutic gold standard is anticoagulation and this 
usually leads to a good outcome. Surgical or endovas- 
cular therapy is generally reserved for those patients 
who do not respond to medical therapy or those with 
enlarging lesions. 

The major clinical feature of intracranial arterial 
dissection is SAH due to rupture (58%). Ischemic 
infarction due to stenosis or occlusion by the intra- 
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mural hematoma or by remote embolism occurs 
in around 42% of patients (Yamaura et al. 2000). 
Intracranially, there is some difficulty in differentiat- 
ing dissection from stenotic lesions. Isolated unusual 
locations of arterial stenosis as well as the presence 
of smooth rather than irregular narrowing should 



help to differentiate dissection from vasospasm due 
to SAH. The optimal treatment of intracranial dissec- 
tion has not been determined. Dissections that result 
in a complete stroke are beyond treatment; however, 
those within a certain time window might be candi- 
dates for recanalization therapy. 




Fig. 5.1.2. Dissection of the right internal carotid artery with extracranial enlarging pseudoan- 
eurysm. a Contrast-enhanced MR angiography demonstrating the aneurysm at the extracranial 
ICA. b Conventional DSA, oblique view, c CT angiography, sagittal reformation reveals the small 
aneurysm neck, d Conventional DSA before and (e, f) after endovascular coil embolization 
demonstrating aneurysm occlusion with preservation of the internal carotid artery 
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In patients with SAH due to dissecting aneurysms 
endovascular therapy with stents to remodel the 
lumen will probably be the future type of therapy. 

In contrast to extracranial dissections, the intramu- 
ral hematoma in most intracranial dissections forms 
between the internal elastic lamina and the media 
(Endo et al. 1993). Intracranial dissections may not 
be explained solely by a defect in the media. Rather, 
they originate at intimal alterations due to defects of 
the elastic tissue. The absence of external elastica may 
allow rupture into the subarachnoid space. Aneurys- 
mal dilatation might occur if the underlying media is 
also abnormal (Endo et al. 1993). 



5.1.4 

Fusiform Aneurysms 

Fusiform aneurysms are dilated, tortuous and elon- 
gated arterial segments. The term dolicho ectasia 
describes a giant ectatic vessel of this type of aneu- 
rysms. Fusiform aneurysms are characterized by the 
absence of a defined neck, circumferential involve- 
ment of the parent artery and a longish course. The 
aneurysm can be partially thrombosed. 

The spectrum of fusiform aneurysms may arise 
from congenital, acquired, or iatrogenic defects in 
the vessel wall, with or without atherosclerosis, and 
hypertension, or may develop after intimal tear from 
dissection (Anson et al. 1996; Gobin et al. 1996). 
Fusiform aneurysms can occur in any location; how- 
ever, they most frequently occur in the distal verte- 
bral artery, basilar artery, PI segment of the posterior 
cerebral artery and the supraclinoid internal carotid 
artery. Hemorrhage from these aneurysms is unusual. 
Presenting symptoms such as cranial neuropathy, 
brain stem compression and cerebral ischemia are 
mainly due to mass effect and distal embolization. 

A distinct subgroup of fusiform aneurysms are 
serpentine aneurysms: large and partially throm- 
bosed tortuous aneurysms with a central parent 
channel, eccentrically located within the intralumi- 
nal clot. This channel is not endothelialized and does 
not contain elastic lamina or media. The clot may 
become organized or calcified over time. The etiol- 
ogy of serpentine aneurysms is still totally unclear. 
They may develop from a degenerative form of ath- 
erosclerosis, infection, or may be congenital (Mawad 
and Klucznik 1995). They occur most commonly 
in the internal carotid artery, the middle cerebral 
artery and posterior cerebral artery. Typically, they 
present with symptoms of mass effect. Subarachnoid 
or intracerebral hemorrhage is rare. MRI may reveal 



different stages of hemoglobin degradation within 
the thrombosed part of the aneurysm. 

Fusiform aneurysms are usually not suitable for 
endovascular obliteration because they do not have a 
circumscribed neck. In selected cases, endovascular 
parent vessel occlusion maybe a therapeutic option, 
particularly if mass effect is the leading symptom. 
The aneurysm may subsequently shrink in size or 
completely resolve (Mawad and Klucznik 1995). 

5.1.5 

Infectious Aneurysms 

The first infectious intracranial aneurysm was probably 
described by Church in 1869 when he established a 
relationship between an intracranial aneurysm and 
infectious endocarditis. The term “infectious aneu- 
rysm” should be preferred, “bacterial” or “mycotic” 
should be used only if bacteria or fungi are demon- 
strated as the causative organisms. The frequently used 
term “mycotic” is misleading in the vast majority of 
patients because bacterial infection represents the most 
common cause for infectious cerebral aneurysms. 

The pathogenesis of infectious aneurysm forma- 
tion has been well characterized in animal models. 
After septic emboli arise, polymorphonuclear leu- 
cocytes infiltrate the vessel wall from toward the 
internal elastic membrane. Most of them concentrate 
within Virchow-Robin spaces. 

Infectious intracranial aneurysms account for 
2%-3% of all intracranial aneurysms. They commonly 
result from embolization of cardiac vegetations in 
endocarditis, with Streptococcus as the most frequent 
organism, followed by Staphylococcus and Enterococ- 
cus. Infected tissue debris entering the blood stream 
may embolize in cerebral artery walls leading to aneu- 
rysmal dilatation. The risk of aneurysm formation 
due to endocarditis is 5%. While there is decreasing 
overall incidence of infectious cerebral aneurysms, the 
incidence of infectious aneurysms increased in drug 
abusers and immunocompromised patients. 

Pathologically, a loss of intima is characteristic in 
bacterial cerebral aneurysms. Sub endothelial infiam- 
mation and necrosis of the media and internal elastic 
lamina results in weakening of the vessel wall, leading 
to aneurysm formation. Aneurysms associated with 
infective endocarditis are often irregularly shaped, 
fusiform, frequently multiple and peripheral and in 
the majority of patients located at distal branches of 
the middle cerebral artery. The time interval from 
septic embolism to aneurysmal dilatation can be as 
short as 24 h. 
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True mycotic aneurysms are rare. The underlying 
condition is often a craniofacial infection with asper- 
gillus, phycomycetes or Candida endocarditis. In con- 
trast to bacterial etiology the time course of mycotic 
aneurysms is longer, sometimes taking months to 
develop. Mycotic aneurysms are typically proximal in 
location (carotid or basilar artery) and fusiform (Lau 
et al. 1991). Rupture of such aneurysms may lead to 
massive SAH in the basal cisterns, indistinguishable 
from SAH of saccular aneurysms. Aspergillosis is 
difficult to diagnose, but should be considered par- 
ticularly in patients undergoing long-term treatment 
with steroids, immunosuppressive agents and antibi- 
otics, or in HIV-infected patients. 




Fig. 5.1.3. Infectious aneurysm of the right 
posterior cerebral artery. T2-weighted image 
(a), FLAIR image (b) with subarachnoid blood 
around the aneurysm and DSA (c) 



The course of infectious aneurysms is unpredict- 
able. Under antibiotic or antimycotic therapy they may 
shrink, or completely disappear. However, enlargement 
during treatment has also been reported (Brust et 
al. 1990). Septic aneurysms can be obliterated surgi- 
cally or by endovascular treatment (Chapot et al. 
2002; Phuong et al. 2002; Steinberg et al. 1992). The 
theoretical assumption that implantation of foreign 
material - like platinum coils - into an infectious 
lesion might worsen the problem is not true for infec- 
tious intracranial aneurysms. 

Mortality due to rupture of bacterial cerebral aneu- 
rysms is reported to be up to 60% (Barrow and Prats 
1990; Bohmfalk et al. 1978; Clare and Barrow 1992). 
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There is no scientific opinion about screening high risk 
patients for infectious aneiurysms, e.g. those with a bac- 
terial endocarditis. However, this may be a field of col- 
laboration between cardiologists and neuroradiologists. 

5.1.6 

Traumatic Aneurysms 

Traumatic aneurysms result from a direct injury to 
the arterial wall or to acceleration-induced shear. Cer- 
vical, cerebral or meningeal arteries can be affected. 
Traumatic aneurysms may develop within hours 
after trauma and the majority are false aneurysms. 
More than 50% of traumatic aneurysms are associ- 
ated with a skull fracture (Holmes and Harbaugh 
1993). Traumatic aneurysms tend to develop on the 
longitudinal aspect of the injured vessel. 

The majority of intracranial traumatic aneu- 
rysms are located at the distal middle cerebral artery 
(MCA) or at anterior cerebral artery (ACA) branches. 
Angiography typically demonstrates irregular aneu- 
rysms, absence of a true neck, and a peripheral loca- 
tion (Amirjamshidi et al. 1996). They may regress, 
thrombose, enlarge or rupture. Late, often fatal 
subarachnoid or intraparenchymal hemorrhage may 
occur in up to 60% with an associated mortality of 
50% (Holmes and Harbaugh 1993). 



5.1.7 

Inflammatory Aneurysms 

Infiammatory transmural angiitis in systemic lupus 
erythematosus, polyarteritis nodosa, or giant cell 
arteritis cause focal fibrinoid necrosis and elastic 
tissue disruption. Subacute or chronic changes usually 
produce ectasia and may facilitate aneurysm forma- 
tion. Aneurysms in acute arteritis tend to be multiple, 
peripheral and non side-wall in configuration. 

5.1.8 

Neoplastic and Radiation-Induced Aneurysms 

Oncotic aneurysms may arise from cerebral emboli- 
zation of neoplastic cells with infiltration of the vessel 
wall and subsequent aneurysm formation. Thus, the 
underlying pathomechanism is quite similar to infec- 
tious aneurysms. Subarachnoid or intraparenchymal 
hemorrhage may result. Neoplastic aneurysms have 
been reported with cardiac myxoma, choriocarci- 
noma, bronchogenic and undifferentiated carcino- 



mas. Treatment consists of resection of the involved 
segment, if possible, and evacuation of the symptom- 
atic lesion (Weir et al. 1978). 

Formation of fusiform aneurysms following radia- 
tion and radioactive intrathecal gold therapy has been 
reported after treatment of germinoma and medullo- 
blastoma. These aneurysms are located in the midline 
or parasellar region, and tend to enlarge and rupture 
(Benson and Sung 1989). 

5.1.9 

Aneurysms Associated with Arteriovenous 
Malformations 

There is an increased incidence, or better, an increased 
amount of visible aneurysms associated with arterio- 
venous malformations. The incidence of these aneu- 
rysms in AVMs is up to 25% (Brown et al. 1990; Staff 
et al. 2002). Approximately 50% of these aneurysms 
are located on a feeding artery, 25% within the nidus. 
Staff and colleagues analysed their extensive AVM 
database and figured out that feeding artery aneu- 
rysms are an important independent determinant for 
an increased risk of hemorrhage in AVM. 

Flow-related aneurysms probably develop due to 
hemodynamic stress caused by increased fiow and 
pressure, with subsequent dilatation and pathologic 
changes in feeding arteries. 

AVM-associated aneurysms contribute to an 
increased risk of hemorrhage. A 7% risk of hemor- 



1 




Fig. 5.1.4. Distal small aneurysm of the anterior inferior 
cerebellar artery (AICA) associated with a high-flow arterious- 
venous malformation 
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rhage for these combined lesions is estimated com- 
pared to a 1.7%-3% risk for AVMs without associated 
aneurysms (Turjman et al. 1994). In case of rupture 
the hemorrhage is more often located intraparen- 
chymaUy than subarachnoidally (Brown et al. 1990). 
Management of these combined lesions is stiU dis- 
cussed controversially. However, in our opinion these 
aneurysms should be treated - preferentially by the 
endovascular route-in order to reduce the bleeding 
risk of the combined lesion. In fact, elimination of 
the AVM with subsequent change in hemodynamics 
might place the aneurysm at risk. In accordance to 
our opinion, other authors also advocate to treat the 
aneurysm before eliminating the AVM (Nakahara 
et al. 1999; Thompson et al. 1998). On the other hand, 
proximal asymptomatic aneurysms may regress after 
removal of the AVM. If this is not the case, an interval 
of 3 months after AVM treatment might be justified 
before considering a further therapy for a proximal 
aneurysm. However, aneurysms located in the poste- 
rior circulation associated with an AVM are at higher 
risk of rupture and therefore should be treated as soon 
as possible even if they have not ruptured before. 



5.1.10 

Distribution 

Most arterial aneurysms arise at the bifurcation of 
major arteries, and this is also true for the intracra- 
nial location. Around 85% of all intracranial aneu- 
rysms originate from the anterior circulation. The 
most common location (30%-35%) is the anterior 
communicating artery (Acorn). However, many of 
these so-called Acorn aneurysms do have their origin 
at the A1/A2 junction of the anterior cerebral artery 
and do not involve the anterior communicating artery. 
Internal carotid and posterior communicating artery 
aneurysms account for 30% and middle cerebral artery 
(MCA) bifurcation aneurysms for 20%. Around 15% 
of intracranial aneurysms arise at the vertebrobasilar 
circulation. Half of them develop at the basilar tip 
(with various degrees of involvement of the PI seg- 
ments) and the other 50% from other posterior fossa 
vessels. Aneurysms of the anterior inferior cerebellar 
artery (AICA) and vertebral artery (VA) aneurysms 
without involvement of the VA-PICA junction or the 
vertebrobasilar union are extremely rare. 




Fig.5.1.5a-d. Various locations of 
aneurysms, a Vertebral basilar junction 
aneurysm, b True PICA aneurysms, 
c Basilar trunk aneurysm, d Basilar trunk 
aneurysm between origin of superior 
cerebellar artery and posterior cerebral 
artery, so-called superior cerebellar artery 
aneurysm. P> 
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Fig.5.1.5e-1. Various locations of aneu- 
rysms (continued), e Small basilar trunk 
aneurysm and aneurysm at the PI seg- 
ment. f Basilar tip aneurysm, g Acorn 
aneurysm, h ICA aneurysm at the origin 
of the Pcom artery, so-called Pcom aneu- 
rysm. i Aneurysm at the bifurcation of the 
pericallosal and caUosomarginal artery, 
so-called pericallosal aneurysm, j MCA 
bifurcation aneurysm, k ICA aneurysm 
at the origin of the ophthalmic artery, 
so-called paraophthalmic aneurysm. 
1 Distal carotid bifurcation aneurysm 




5.1.11 

Familial Occurrence 

The prevalence of intracranial aneurysms among 
first-degree relatives of patients with cerebral aneu- 
rysms is higher than in the general population. The 
risk for a first-degree relative harbouring an aneu- 
rysm is about three to four times higher than for 
someone from the general population (Raaymakers 



1999, 2000; Ronkainen et al. 1997). In other words: 
The incidence of intracranial aneurysms is between 
8% and 9% in persons with two or more relatives who 
have had a SAH or an aneurysm (Raaymakers et al. 
1998b; Ronkainen et al. 1997). 

Recently, this was confirmed by Okamoto and 
colleagues (2003). They found that the SAH risk was 
elevated when: (1) any first degree relative had a 
positive episode of SAH, (2) a mother or father had a 
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relative with a positive episode of SAH (an effect much 
greater in magnitude in a positive maternal rather 
than paternal history), (3) any first-degree relative <50 
had had a SAH. Kojima et al. (1998) confirmed that 
asymptomatic aneurysms were more likely to rupture 
among family members with aneurysmal SAH than 
among those without. According to the group around 
Leblanc (Leblanc 1996; Lozano and Leblanc 
1987) cerebral aneurysms in patients with a positive 
family history might result from a mesenchymal defect 
affecting the cerebral vessel wall produced by a lesion 
of chromosome 16. Okamoto et al. (2003) found an 
urgent need for early prevention of SAH by screening 
individuals with any positive family members (first- 
degree relatives with an episode of SAH). 

Various hereditary connective tissue disorders 
have been associated with formation of aneurysms, 
most likely as a result of the weakening of the 
vessel wall. Intracranial aneurysms may develop in 
10%-15% of patients with polycystic kidney disease, 
an autosomal dominant disorder. Although Marfan 
syndrome was previously identified as a risk factor 
for aneurysms, a recent study did not find any signifi- 
cant relationship (Conway et al. 1999). Coarctation 
of the aorta, fibromuscular dysplasia and pheochro- 
mocytoma have been associated with intracranial 
aneurysms, most likely because of the elevated blood 
pressure that occurs in these conditions. 

There are some presumptions on neiuofibromatosis 
type 1 (NFl) and intracranial aneurysms. In a recent 
study, Conway and colleagues (2001) concluded from 
their own data and an extensive analysis of the literature 
that an association between NFl and intracranial aneu- 
rysms has never been identified in large clinical studies 
of NFl patients and that there is no evidence for any 
association between NFl and intracranial aneurysms. 



5.2 

Clinical Presentation 

Most intracranial aneurysms remain undetected 
until the time of rupture. SAH, a medical emergency, 
is by far the most common initial clinical presenta- 
tion. A history of abrupt onset of a severe headache 
of atypical quality (“the worst headache in my life”) 
is typical of SAH. Headache onset may or may not be 
associated with brief loss of consciousness, nausea 
and vomiting, focal neurologic deficits or meningism. 
Despite the characteristic history, SAH is frequently 
misdiagnosed. Nearly half of the patients present 
with milder symptoms caused by a warning leak 



before full rupture of the aneurysm (Ostergaard 
1991). Another problem - from a clinical point of 
view - is the so-called thunderclap headache which 
is caused by a SAH in only 10%-20%. Other findings 
in these patients are: cerebral infarction, meningitis, 
intracerebral hemorrhage, cerebral edema or even 
nothing. From a pure clinical standpoint it some- 
times can be difficult to decide whether a thunder- 
clap headache was related to the SAH/warning leak 
complex or not. There is no clear evidence what to 
do in a situation like this; our recommendation is to 
perform a CSF examination and a MRI plus MRA. 
Landtblom and colleagues (2002) figured out that 
it is clearly not justified to do an invasive angiogram 
in these patients (Landtblom et al. 2002). 

5.2.1 

Epidemiology 

Although the pathogenesis and etiology of cerebral 
aneurysms has been studied extensively, both are 
still poorly understood. Endogenous factors like 
elevated blood pressure, the special anatomy of the 
Circle of Willis or the effect of hemodynamic factors, 
particularly originating at vessel bifurcations, are all 
known to be involved in the growth and rupture of 
an aneurysm. Arteriosclerosis and infiammatory 
reactions, however, might also have an impact. Exog- 
enous factors like cigarette smoking, heavy alcohol 
consumption or certain medications are thought to 




Fig. 5.2.1. Seven years after clipping an Pcom aneurysm on the 
right side a de novo aneurysm at the distal carotid bifurcation 
was found on the left side, primarily seen on MRI performed 
because of headache 
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Fig. 5.2.2. Basilar trunk aneurysm in a newborn after bleeding (a, FLAIR) 
resulting in acute hydrocephalus, before (b) and after (c) endovascular 
treatment with selective occlusion of the aneurysm. The baby's outcome 
was excellent with no neurologic deficits 



be risk factors in the pathogenesis of an aneurysm 
or at least increase the risk of rupture. 

Furthermore, a genetic component is discussed. 
First degree relatives of patients with an aneurysmal 
SAH have a significant higher risk to harbour a cere- 
bral aneurysm compared with the normal population. 

5.2.2 

Incidence and Risk of Rupture 

Intracranial aneurysms are common. Autopsy studies 
have shown that the overall frequency in the gen- 
eral population ranges from 0.4% to 10% (Chason 
and Hindman 1958; Housepian and Pool 1958; 
Inagawa and Hirano 1990; McCormick and 
Acosta-Rua 1970). Rinkel et al. (1998) analysed 23 



studies with 56304 patients published between 1955 
and 1996 and found a prevalence of 2.3 % in adults 
without a risk factor for SAH and an overall annual 
risk of rupture of 1.9 %. They included retrospective 
and prospective autopsy and angiographic studies 
and found a higher incidence in the prospective 
arm of their analysis. It might be reasonable to 
assume that the average prevalence is around 2%. 
Based on this number, in the German population 
approximately 1.5 to 2 million people are assumed 
to harbour an intracranial aneurysm. 

The incidence of SAH in the Western hemisphere 
is around 6-10 per 100,000 people per year, peaking 
in the sixth decade with risk for SAH increasing lin- 
early with age. The incidence in some other countries 
like Finland or Japan is known to be higher - about 
15/100,000 per year. SAH accounts for a quarter of cere- 
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brovascular deaths. Aneurysms increase in frequency 
with age beyond the third decade, are approximately 
1.6 times more common in women and are associated 
with a number of genetic conditions (Wardlaw and 
White 2000). The incidence not only of aneurysms but 
also of SAH is higher in Japan than in Western coun- 
tries, and it has increased around three times during 
the past 20 years in Japan (Okamoto et al. 2003). 

There are some risk factors associated with aneu- 
rysm rupture or aneurysm development beyond 
genetic determinants: 

Elevated arterial blood pressure (hypertension) 
and endovascular flow conditions seem to be impor- 
tant for the development, growth and rupture of 
cerebral aneurysms. There is also a strong correla- 
tion between the presence of multiple aneurysms 
and hypertension: Patients with multiple aneurysms 
present signiflcantly more often with hypertension 
than patients with solitary aneurysms or the normal 
population. 

Other risk factors for the development of aneu- 
ryms are smoking, heavy alcohol consumption, arte- 
riosclerosis and hyperlipidemia (for more details see 
Sect. 5.1.11). 

5.2.3 

Natural History of Ruptured Aneurysms and 
Patient Outcome 

The peak incidence of rebleeding after the initial rup- 
ture is during the first day. Early rebleeding within 
hours after the onset of initial hemorrhage occurs in 
about 15% of patients (Fujii et al. 1996). As many as 
20% of patients may rebleed within the first 2 weeks, 
one third in the first month, and 50% will rebleed 
within 6 months, if the aneurysm is not treated. 

Mortality of recurrent SAH is up to 50% (Weaver 
and Fisher 1994). In patients surviving the first day, 
the risk of rebleeding is evenly distributed over the 
next 4 weeks with a second peak early in the third 
week (Hijdra et al. 1987). Between 4 weeks and 6 
months after SAH, the risk of rebleeding gradually 
decreases from initially l%-2% per day to a constant 
level of approximately 3% a year (Winn et al. 1977). 

Of patients who survive the hemorrhage, approx- 
imately one third remain dependent. However, even 
recovery to an independent state does not necessar- 
ily mean that outcome is good. Only a small minor- 
ity of patients with SAH has a truely good outcome, 
around 20% of them do not have a reduction of 
quality of life. 



5.2.4 

Pathophysiology of Aneurysm Rupture 

There may be a small number of SAH presenting as 
“warning leak” or sentinel hemorrhage, usually only 
associated with a sudden severe headache (Hughes 
1992). In general, there is a correlation between the 
extent of SAH and the clinical grade, incidence of 
vasospasm, and other complications such as cere- 
bral ischemia, increased intracranial pressure, and 
hydrocephalus. 

With increased severity of SAH there are increas- 
ing changes in physiologic parameters such as 
reduced cerebral blood flow (due to reduced cerebral 
autoregulation), hypovolemia, hyponatremia, hyper- 
metabolism and cardiac arrhythmia. If intracerebral 
pressure is increased up to diastolic blood pressure 
cerebral blood flow persists during systole (Nornes 
1973). 

Stopping of an SAH is caused by a combination of 
tamponade due to reduced transmural pressure gra- 
dient across the arterial wall and coagulation. 

5.2.5 

Other Causes of SAH 
5.2.S.1 

Perimesencephalic Non-aneurysmal Hemorrhage 

Perimesencephalic hemorrhage constitutes approxi- 
mately 10% of all SAH. Mean age at onset is 50 years 
with a preponderance in male. The subarachnoid 
blood is confined to the perimesencephalic cisterns. 
The centre of the bleeding is anterior to the midbrain 
(Schwartz and Solomon 1996). Usually, there is no 
subarachnoid blood in the sylvian Assure or the ante- 
rior interhemispheric Assure. There might be some 
sedimented blood in the occipital horns of the lateral 
ventricles, but massive intraventricular hemorrhage 
or intracerebral hemorrhage is not a feature of this 
benign perimesencephalic hemorrhage. 

Conventional angiography is the next step to 
rule out an aneurysm, although this is hardly found. 
In the presence of the typical CT pattern the yield 
of repeated angiography is low, and some investi- 
gators have abandoned it. Some of them even 
consider CT angiography sufficient to rule out an 
aneurysm. From a clinical perception, perimesen- 
cephalic non-aneurysmal hemorrhage is barely 
distinguishable from aneurysmal hemorrhage. 
The onset of headache is often more gradual than 
in true aneurysmal hemorrhage (Finn et al. 1998), 
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Fig. 5.2.3a, b. Typical perimes- 
encephallc hemorrhage on 
CT scan 



but this is a poor diagnostic hint. Focal symptoms 
or loss of consciousness are exceptional and do 
occur only transient. Usually, these patients are 
clinically Hunt and Hess grade I. Seizures were 
never reported in perimesencephalic hemorrhage. 
Apart from their headache the patients are in a very 
good clinical condition. The clinical course is typi- 
cally uneventful. Rebleeding, acute hydrocephalus, 
or secondary cerebral ischemia due to vasospasm 
do not typically occur in this entity. Rebleeds after 
the hospital period have not been reported and the 
quality of life in the long-term is excellent. The time 
of convalescence is usually short and the outcome 
is good or excellent with almost all patients (94%) 
able to return to their previous work and activities 
(Brilstra et al. 1997). In summary, this is really a 
benign variant of SAH, but clearly requires a diag- 
nostic work-up like a typical SAH in order not to 
overlook the rare aneurysmal-caused perimesence- 
phalic SAH and other causes. 

S.2.5.2 

Dural Arteriovenous Fistulae 

Hemorrhage from a basal dural arteriovenous fistu- 
lae might be not distinguishable from aneurysmal 
SAH. The risk of hemorrhage in dural arteriovenous 
fistulae depends on the pattern of venous drainage 
(CoGNARD et al. 1995). A cortical venous drainage is 
associated with a relatively high risk of hemorrhage, 
drainage into the main sinus is associated with a 
very low risk of bleeding. After a first rupture has 
occurred, the risk of rebleeding is very high. 




Fig.5.2.4a,b. Frontal dural AV-fistula with cortical drainage 
and left frontal intraparenchymal hemorrhage 
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5.2.5.3 

Cervical AV Ms 

Intracranial SAH is the presenting symptom of a spinal 
AVM in about 10% of patients. In more than 50% of 
these patients, the first hemorrhage occurs before the 
age of 20 (Kandel 1980). Clinically, a severe pain in the 
lower part of the neck radiating to the shoulders and 
arms may indicate the cervical source of bleeding. MRI 
should be the first imaging modality to localize the 
source of bleeding, followed by selective spinal angi- 
ography. However, it is difficult to establish the spinal 
source of hemorrhage. In many patients CT reveals 
an intracranial SAH and the four- vessel angiogram is 
negative. In an ideal setting cervical vessels are addi- 
tionally injected, but it is clearly not routine to do a 
spinal angiogram in this subgroup of patients. How- 
ever, in all SAH patients with a negative angiogram a 
cranial and spinal MR should be performed to rule out 
a vascular malformation. 

5.2.5.4 

Saccular Aneurysms of Spinal Arteries 

Saccular aneurysms of spinal arteries are rare. The 
clinical features of spinal SAH are usually associ- 
ated with those of a transverse spinal cord lesion 
(Mohsenipour et al. 1994). 

5.2.5.5 

Cardiac Myxoma 

Cardiac myxoma may be a very rare cause of SAH. 
In exceptional cases it may metastasize into an intra- 



cranial artery, infiltrate the vessel wall and initiate 
aneurysm formation, even more than 1 year later after 
excision of the primary tumour (Furuya et al. 1995). 

5.2.5. 6 

Sickle Cell Disease 

SAH in sickle cell anemia is characterized by multiple 
hemorrhages, often distaUy and in unusual locations. 
CT scan demonstrates blood in the superficial corti- 
cal sulci. Angiography reveals multiple distal branch 
occlusions and a collateral circulation via leptomenin- 
geal vessels. SAH is attributed to rupture of these lep- 
tomeningeal collaterals, the outcome is usually poor 
(Carey et al. 1990). Approximately 30% of patients 
with sickle cell disease and SAH are children. 

5.2.5. 7 

Cocaine Abuse 

SAH related to the abuse of cocaine is associated 
with an underlying aneurysm in 70% of patients 
using hydrochloride (“crack”) versus 30%-40% of 
patients using the alkaloid form (Levine et al. 1990, 
1991). The pattern of SAH on CT may be the same 
as that of a ruptured saccular aneurysm. Rebleeding 
frequently occurs and the outcome is often poor. The 
association between cocaine use and the formation 
and rupture of aneurysms is thought to be due to 
increased turbulence of blood flow and repeated, 
transient bouts of hypertension. Among cocaine 
users, aneurysms have been found in significantly 
younger patients and in vessels with a smaller 
diameter (Nanda et al. 2000). 
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5.2.5.8 

Anticoagulants 

Anticoagulant drugs are rarely the sole cause of SAH 
(Mattle et al. 1989). If SAH occurs in a patient under 
anticoagulation therapy the outcome is poor. 

5.2.5.9 

Sinus-Venous Thrombosis 

It is well known that sinus-venous thrombosis can 
cause atypical intracerebral hemorrhage. Under rare 
circumstances, however, thrombosis of the superior 
sagittal sinus can cause pure subarachnoid hemor- 
rhage without intraaxial bleeding. Mostly, SAH is 
then located at the Sylvian fissure, probably due to 
dilated Sylvian veins, and in the parietal sulci. 



5.2.6 

Complications of SAH 

Hydrocephalus, rebleeding from aneurysmal rerup- 
ture and cerebral vasospasm with ischemia are the 
three major complications following SAH. 

5.2.6.1 

Hydrocephalus 

Acute hydrocephalus within the first 24 h of hemor- 
rhage may develop due to blood within the basal 
cisterns or in the ventricular system causing CSF 
obstruction. Clinically, slow pupillary responses to 
light and deviation of the eyes is characteristic for 
acute hydrocephalus. If confirmed by CT, early ven- 
tricular drainage is indicated and can dramatically 
improve the clinical status of the patient. Nowak 
and colleagues (1994) reported the use of a ven- 
tricular drainage as an early test to evaluate neu- 
rologic viability. They chose surgical candidates in 
whom neurologic improvement occurred after CSF 
drainage. Thereby, ventriculostomy might not only 
serve as a therapeutic device but also as an indicator 
which severe-grade patients should be treated more 
aggressively (Arnold et al. 1994; Nowak et al. 1994). 
However, caution during placement of a ventricular 
drain is important, since sudden drainage may 
precede aneurysm rerupture, mainly because the 
transmural pressure along the aneurysm wall may 
exceed the intraventricular pressure. Large amounts 
of intraventricular blood are often associated with a 
poor clinical condition. 



Hydrocephalus may also develop over days or weeks 
following SAH, clinically often presenting with gait 
disturbance, impaired intellectual function, and pro- 
gressive lethargy. In these cases, ventriculo-peritoneal 
or ventriculo-atrial shunting is commonly indicated. 

The possibility to eliminate major parts of the 
subarachnoid blood by intraoperative lavage and 
thereby decreasing the incidence of vasospasm and 
hydrocephalus is widely considered as an advantage of 
the neurosurgical approach compared to the endovas- 
cular route. However, in a retrospective study compar- 
ing 100 matched patients who had suffered SAH, the 
therapeutic procedure, either clipping or coil emboli- 
zation, did not significantly affect the development of 
chronic hydrocephalus (Sethi et al. 2000). 

If the initial CT already reveals early signs of hydro- 
cephalus, the ventricular drainage should be placed 
before endovascular treatment starts. This schedule 
avoids a neurosurgical approach after having the 
patient on heparin and aspirin (which in many institu- 
tions is the case after coiling). In addition, a ventricular 
drainage is extremely helpful in the rare event of aneu- 
rysm rupture during the endovascular procedure. 




Fig. 5.2.6. CT reveals massive basal subarachnoid hemorrhage 
and dilated temporal horns of the lateral ventricles 

S.2.6.2 

Rebleeding 

Rebleeding is a frequent and sometimes devastating 
neurologic complication of SAH and is postulated to 
be due to breakdown of perianeurysmal clot. Early 
rebleeding in the first hours after admission for the 
initial hemorrhage with clinical deterioration occurs 
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in up to 18% of patients (Fujii et al. 1996). Since these 
early rebleedings commonly occur before the first CT 
scan is obtained, the true frequency of early rebleeding 
is definitely underestimated. As many as 20% of patients 
may rebleed within the first 2 weeks, one third in the 
first month, and 50% will rebleed within 6 months, if 
the aneurysm is not treated. The peak incidence of 
rebleeding is during the first day. There is a secondary 
peak 1 week after SAH. Mortality of reourent SAH is 
50% (Weaver and Fisher 1994). Between 4 weeks and 
6 months after SAH, the risk of rebleeding gradually 
decreases from initially l%-2% a day to a constant level 
of approximately 3% a year (Winn et al. 1977). 

The Cooperative Aneurysm Study reported that 
women have a 2.2 times higher recurrence rate of 
hemorrhage than men. Recurrent hemorrhage was 
also more frequently associated with a poorer neu- 
rologic grade at presentation and increased systolic 
blood pressure (Torner et al. 1981). Clinically, 
recurrent hemorrhage may present with new neu- 
rologic deficits, increasing headache, vomiting and 
a depressed level of consciousness. Seizures might 
occur as a result, but not as the cause of bleeding. 

Clot formation and tissue damage stimulate fibri- 
nolytic activity in the CSF, increasing the potential 
risk of rebleeding. This observation justified the 
rationale for the use of antifibrinolytic drugs such 
as amino caproic acid and tranexamic acid to prevent 
rebleeding. A randomized placebo-controlled trial, 
a non-randomized trial and other reports assess- 
ing the efficacy of antifibrinolytic therapy showed 
a significantly decreased incidence of rebleeding. 
However, mortality was not altered, but this thera- 
peutic approach was associated with an increased 
risk of delayed cerebral ischemia, embolism, and 
deep venous thrombosis (Vermeulen et al. 1984; 
Roos et al. 2000). 

The ISAT study revealed aneurysmal rebleeding 
before treatment in 23 neurosurgical patients - 16 
of them died - and in only 14 patients randomized 
for coiling. The reason for this significant difference 
was probably that the delay between initial bleed- 
ing and surgery is longer than the interval between 
the bleeding and coiling (Molyneux et al. 2002). 
Again, this indicates strongly that early rebleeding 
is a significant prognostic factor and any therapeutic 
delay might turn into a problem for the patient. How- 
ever, we are not voting for immediate angiography 
and subsequent endovascular therapy for all SAH 
patients. Usually, we provide this service during the 
day until 10.00 p.m.. Patients admitted later get their 
diagnostic angiogram and endovascular therapy 
early in the next morning. 



S.2.6.3 

Hematoma 

Intracerebral hematoma (ICH) occurs in up to 30% of 
patients with aneurysmal rupture (van Gijn and van 
Dongen 1982). The outcome is clearly worse than 
with SAH alone. If a space-occupying hematoma 
compressing nerval structures is present, immediate 
evacuation of the hematoma is mandatory, eventu- 
ally in combination with clipping of the aneurysm, 
if it can be identified. In this setting, CT angiography 
might serve as valuable and fast imaging modality 
to disclose the aneurysm prior to surgical interven- 
tion. Immediate surgical evacuation is also indicated 
in acute subdural hematoma (SDH), which is usu- 
ally associated with recurrent aneurysmal rupture. 
However, SDH can also occur with the initial SAH 
or can be the only extravascular space involved after 
aneurysmal rupture. 

There is an ongoing debate about endovascular 
therapy in patients with ICH due to aneurysm rup- 
ture. If the hematoma is acute life threatening, it is 
no question that surgical evacuation needs to be 
done as soon as possible. However, it is a well known 
clinical experience that during hematoma evacuation 
- due to the decrease of tissue pressure - the risk of 
aneurysm rerupture increases. Having this in mind it 
might be advantageous to coil the aneurysm first - in 
order to prevent rebleeding - before surgical evacua- 
tion of the hematoma in those patients with a stable 
clinical condition. 




Fig. 5.2.7. Right temporal lobe intracerebral hemorrhage due 
to a ruptured MCA aneurysm. Beside basal subarachnoid 
hemorrhage CT reveals brain edema, compression of the basal 
cisterns and the cerebral peduncle 
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S.2.6.4 

Vasospasm 

Vasospasm is a major cause of morbidity and mor- 
tality in patients after SAH and is often associated 
with delayed cerebral ischemia. However, many 
patients are asymptomatic despite various degrees 
of angiographically visible vasospasm. Although 
vasospasm is noted angiographically in 70% after 
SAH, it becomes symptomatic only in about half of 
those patients (Biller et al. 1988). This difference 
probably reflects the different collateral circulation 
and different degrees of vasospasm. Unlike rebleed- 
ing, the clinical presentation of vasospasm develops 
slowly over hours to days. Delayed cerebral ischemia 
occurs usually first on the third day after hemor- 



rhage, peaks between day 4 and 12, and may persist 
as long as 3 weeks after SAH (Biller et al. 1988). 

Vasospasm is best detected on angiograms. How- 
ever, transcranial Doppler ultrasound is the method 
of choice to monitor blood flow velocities in patients 
after SAH. The role of CTA and MRA has not been 
determined in this subgroup of patients. 

S.2.6.5 

Cerebral Ischemia and Infarction 

In some patients, aneurysmal rupture leads to a 
prolonged period of global cerebral ischemia at the 
time of hemorrhage, probably as a result of increased 
intracranial pressure to a level above that in arterial 
vessels (Grote and Hassler 1988). Clinically, these 





Fig. 5.2.8a-c. Different grades of vasospasm after SAH. a Moderate vaso- 
spasm of the basilar artery and severe vasospasm of both PI segments of 
the posterior cerebral artery. b,c Severe vasospasm of the intradural ICA 
(sagittal view) and proximal MCA and ACA (ap view) 
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patients present with progressive dysfunction of 
the brainstem. Outcome is generally fatal. CT might 
reveal no other abnormality than subarachnoid 
blood. This entity is quite distinct from delayed 
cerebral ischemia, which is focal or multifocal. A 
major factor for this condition of global cerebral 
ischemia is vasospasm that in some patients occur 
immediately after aneurysmal rupture. From our 
experience aneurysm rupture during endovascular 
therapy has more or less no consequence in those 
patients without immediate severe vasospasm. Mor- 
bidity and mortality of acute aneurysm rupture is 
probably most strongly associated with the amount 
and the length of acute vasospasms. 

Delayed cerebral ischemia usually occurs in the 
first or second week after SAH in up to one-third 
of patients. Despite intensive research, the patho- 
genesis has not been entirely elucidated. Release of 
yet unidentified factors into the subarachnoid space 
are considered to induce vasospasm and subsequent 
cerebral ischemia. 

There is widespread postulation of a close rela- 
tionship between the amount of subarachnoid blood 
clots and the degree of vasospasm and delayed cere- 
bral ischemia (Fisher et al. 1980). However, there 
are several arguments against these assumptions. 
Subarachnoid blood is not a predictor of vasospasm 
per se, since vasospasm and delayed cerebral isch- 
emia rarely occur in patients with SAH after rupture 
of an AVM or perimesencephlic SAH. Furthermore, 
the site of delayed cerebral ischemia does not always 
correspond with the distribution of subarachnoid 
blood (Hop et al. 1999). The fact that many patients 
with angiographically visible vasospasms never 
develop cerebral ischemia suggests additional factors 
determining whether and where secondary cerebral 
ischemia occurs. There is additional evidence that it 
is not simply the amount of blood that determines 
the severity of vasospasm. Since there is no way to 
remove subarachnoidal clot during coiling one would 
expect a lower incidence of vasospasm after clipping. 
But this effect has not been observed. So far, there are 
slight tendencies towards a lower frequency of vaso- 
spasm after coiling (Yalamanchili et al. 1998). 

5.2.7 

Unruptured Aneurysms 

Asymptomatic aneurysms may be defined as addi- 
tional aneurysms found in patients with another 
symptomatic aneurysm, which are not responsible 
for the clinical symptoms or those aneurysms found 



in patients investigated because they are at risk of 
harbouring an aneurysm. Incidental aneurysms may 
be defined as those found unexpectedly in patients 
undergoing investigation for any other suspected 
pathology. Depending on the location of an unrup- 
tured aneurysm it can be completely asymptomatic. 

On the other hand, unruptured aneurysms can 
cause neurologic symptoms while touching cranial 
nerves or other cerebral structures. Symptoms can be 
pain, cranial nerve palsies, visual disturbances, dys- 
esthesia, vertigo and seizures. In case of thrombem- 
bolism, mainly out of large or giant aneurysms, but 
also occurring in small aneurysms in any location, 
symptoms due to transient ischemia or permanent 
infarction do appear. 

Ischemic events can occur distal to both small and 
large unruptured intracranial aneurysms (predomi- 
nantly in the anterior circulation). In a series of 269 
patients harbouring unruptured aneurysms ischemic 
strokes or transient ischemic attacks (TIAs) attribut- 
able to embolization from the aneurysmal sac were 
observed in 3.3% (Qureshi et al. 2000a). Symptomatic 
unruptured aneurysms are usually larger than inci- 
dental aneurysms and are often discovered near to the 
skull base where they are more likely to affect cranial 
nerves. The most frequent affected cranial nerves are 
the oculomotor nerve and the optic nerve. 

Given the high mortality and morbidity associated 
with aneurysm rupture, it is crucial to determine the 
likelihood of rupture to decide whether to treat an 
aneurysm or not. 

The findings of the International Study of Unrup- 
tured Intracranial Aneurysms (Wiebers 1998) were 
published in 1998 and in 2003. Up to now, the ISUIA 
is the largest evaluation of the risk of aneurysmal 
rupture. Examination of 2621 patient records at 53 
medical centres over 7.5 years yielded an average 
annual rupture rates below those of previous esti- 
mates. Aneurysms less than 10 mm in diameter had 
an average annual rupture rate of 0.05% in patients 
with no history of SAH; however, the rupture rate 
was ten times higher for aneurysms of a similar size 
in patients with a history of SAH. The annual rupture 
rate for larger aneurysms approached 1%. However, 
there was a lot of criticism to that study. The authors 
included a large number of patients with aneurysms 
of the cavernous portion of the ICA. These aneu- 
rysms are usually large or giant, but due to their ana- 
tomical location they almost never cause a subarach- 
noid hemorrhage. Including a fairly high number 
of large aneurysms with almost no risk of SAH in 
a study cohort clearly leads to an overestimation of 
the critical aneurysm size. And it is a well accepted 
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Fig. 5.2.9a-d. a Giant 
ICA aneurysm inducing 
optic nerve compres- 
sion in a 10-year-old boy 
with visual deficit on the 
right eye. b Brain stem 
aneurysm between origin 
of the superior cerebel- 
lar artery and posterior 
cerebral artery resulting 
in right sided oculomotor 
palsy, c, d Pcom aneurysm 
(c DSA, lateral view) in a 
46-year-old-patient with 
oculomotor palsy, note the 
close relationship of the 
aneurysm and the oculo- 
motor nerve (arrow) but 
without visible contact 
(d, sagittal reconstruction 
of CISS sequence) 




clinical experience that the majority of ruptured 
aneurysms are far below the ISUIA value of 10 mm; 
in our patient population the average aneurysms size 
in patients with SAH was between 4 mm and 7 mm. 
Very recently, the ISUIA group did redefine the criti- 
cal aneurysm size from 10 mm down to 7 mm, indi- 
cating that the clinical impression and the evidence- 
based data are coming closer together (Wiebers et 
al. 2003). Nevertheless, all these results still do not 
explain why the majority of ruptured aneurysms are 
below the size of 7 mm! In our opinion there are at 
least two major drawbacks in the ISUIA study; 

1 The criteria for or against treatment of an aneu- 
rysm remain unclear. Assuming that the majority 
of patients were seen and advised by experts, fac- 



tors like multi-lobularity or hypoplastic vessel seg- 
ments might have had a major impact on treatment 
decisions and thus heavily biased the results. 

2 Another problem is the under-representation of 
Acorn aneurysms and again the over-representa- 
tion of those aneurysms located at the cavern- 
ous part of the ICA. Usually Acorn aneurysms 
account for around 30% of all intracranial aneu- 
rysms, in the ISUIA study only 10% were located 
at that site. It may be that these aneurysms just 
develop, grow up to 4 mm and rupture. The cav- 
ernosal aneurysms are usually large and never 
- or at least rarely - do cause a SAH. This way 
the bias of these aneurysms is that they increase 
the average size of non-ruptured aneurysms. 
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5.3 

Imaging 

5.3.1 

Computed Tomography 

If SAH is suspected clinically, CT of the brain is 
the initial diagnostic imaging modality of choice 
and clearly the gold standard to identify, localize 
and quantify subarachnoid hemorrhage. Typically, 
the subarachnoid blood appears hyperdense on an 
unenhanced CT. The pattern of SAH can suggest the 
location of the underlying aneurysm (van Gijn and 
VAN Dongen 1982). Intraparenchymal hemorrhage 
occurs with aneurysms of the posterior communi- 
cating artery and middle cerebral artery more fre- 
quently than with other locations. Interhemispheric 
or intraventricular hemorrhage, occurring in autopsy 
studies in about 50% of patients, is characteristic of 
Acorn or distal anterior cerebral artery aneurysms. 
Ruptured PICA aneurysms almost always coexist 
with hydrocephalus and intraventricular hemorrhage 
in the fourth ventricle, which be can also seen on CT. 
Intracerebral hemorrhage is also more common in 
patients who rebled, since the first bleeding may 
lead to fibrosis of the surrounding subarachnoid 
space and adhesion of the aneurysm to the brain. 
Subdural hematoma occurs in about 5% of patients, 
but is rarely the only location of bleeding. 

Small amounts of SAH may be overlooked, CT 
thus should be carefully read. However, even if the CT 



scan is really normal (no mis-reading!), aneurysmal 
SAH cannot be ruled out. The sensitivity of CT for 
detecting SAH depends on the volume of the extrav- 
asated blood, the hematocrit, and the time elapsed 
after the acute event. Using modern CT scanners and 
performed within 24 h after the ictus CT detects SAH 
in up to 95%. However, due to dilution by CSF the 
density of the hemorrhagel decreases rapidly over 
time, thus after only a few days it may be impossible 
to demonstrate subarachnoid blood on CT (van der 
Wee et al. 1995). Sensitivity of CT decreases to 80% at 
day 3, 70% at day 5, 50% at 1 week, and 30% at 2 weeks 
(Adams et al. 1983). 

CT may also help to distinguish aneurysmal from 
traumatic SAH. In traumatic SAH the subarachnoid 
blood is usually located on the brain convexity. In 
patients with basal contusions there might be a pat- 
tern of hemorrhage resembling aneurysmal SAH due 
to a rupture of an aneurysm at the anterior part of the 
Circle of Willis. The same might be the case for hem- 
orrhage into the Sylvian fissure. In these patients, in 
whom it is impossible to exclude aneurysmal hemor- 
rhage or in whom the trauma might be a consequence 
of the initial aneurysm rupture, conventional angiog- 
raphy should be performed. In patients with Sylvian 
fissure hemorrhages (and without angiographically 
visible aneurysm) any imaging modality should be 
used to rule out sinovenous thrombosis. 

Very rarely, massive brain edema and meningitis 
may mimic SAH on brain CT and may lead to a false 
positive diagnosis of SAH. 




Fig. 5 .3.1. a Massive subarachnoid and intraven- 
tricular hemorrhage. Even without any vessel visu- 
alization the pattern of hemorrhage on CT already 
suggests that the underlying cause will be an aneu- 
rysm of the anterior cerebral artery complex, b DSA 
reveals a typical Acorn aneurysm fflling from the 
right. The left Al segment was hypoplastic 
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Fig. 5.3.2a, b. Sometimes it is more difficult to localize an aneurysm based 
on the bleeding pattern, a CT reveals frontal intracerebral hemorrhage, sub- 
arachnoid, and intraventricular hemorrhage, b DSA: The bleeding source 
in this patient was an MCA aneurysm 




Fig. 5.3.3a,b. Severe hypoxia and brain edema mimicking basal SAH on CT 



However, if CT is negative despite a convincing 
history of sudden headache, lumbar puncture is still 
the next diagnostic step to rule out SAH, if there is 
no contraindication such as bleeding disorder or 
space-occupying intracranial lesion (MacDonald 
and Mendelow 1988). Lumbar puncture should not 
be performed before 6 h after onset of headaches, 
preferably 12 h between onset of headache and spinal 
tap have elapsed. After this interval sufficient lysis of 
erythrocytes occurred to form bilirubin and oxyhe- 
moglobin. These pigments give the CSF the “typical” 
xanthochrome yellowish tinge after centrifugation, an 



essential feature in the differentiation from traumatic 
SAH. This xanthochromia is invariably detectable 
until at least 2 weeks, usually 3 (in 70% of patients) to 
7 weeks after SAH (Vermeulen et al. 1989). 

Identification of factors predictive of outcome or 
specific complications is important in the manage- 
ment of SAH. The risk of a given patient to suffer 
from vasospasm can be estimated by the location, 
thickness, and density of subarachnoid blood on CT. 
In 1980 Fisher and colleagues provided a descrip- 
tion of 47 patients in whom the amount and dis- 
tribution of subarachnoid blood after aneurysmal 
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rupture on the initial CT was correlated with the 
subsequent occurrence of vasospasm demonstrated 
by angiography. Two of 18 patients (11%) developed 
vasospasm when no or diffuse thin SAH was present 
on CT, whereas none did with only intraventricular 
or intracerebral hemorrhage. Of 24 patients with 
diffuse, thick SAH, 23 (96%) developed severe 
symptomatic vasospasm (Fisher et al. 1980). Since 
then, the CT-based Fisher classification of quantify- 
ing local amounts of subarachnoid blood as a pow- 
erful predictor for the occurrence of vasospasms 
and delayed cerebral ischemia has been confirmed 
by several clinical and experimental studies (Gros- 
SET et al. 1992; Findlay 1995; Jarus-Dziedzic et al. 
2000; Suzuki et al. 1980). However, the predictive 
value of the Fisher grading system is not perfect. 
Never assume that a patient will not develop vaso- 
spasm just because he has a low Fisher score! All 
patients with SAH have to be carefully monitored 
during the first 2 weeks after the ictus, regardless of 
their initial CT score. 



Table 5.3.1. Fisher's grading scale for SAH 



Group Subarachnoid blood 


Risk of vasospasm 


1 


No blood 


Low 


2 


Diffuse or vertical layers < 1 mm 


Only moderate 


3 


Localized clot and/or vertical 
layer >1 mm 


High 


4 


Intracerebral or intraventricular 
clot with only diffuse or no SAH 





Hijdra et al. (1990) suggested a new grading 
system for the amount of subarachnoid blood esti- 
mating separately ten subarachnoid cisterns and fis- 
sures and scoring on a scale of 0 to 3, as follows: 0 = 
no blood, 1 = small amount of blood, 2 = moderately 
filled with blood, and3 = completely filled with blood. 
The total SAH score is then calculated by adding the 
scores of the ten subarachnoid compartments (total 
score 0-30) (Hijdra et al. 1990). Despite the excellent 
idea to use a more detailed scoring system to estimate 
the risk of vasospasm, it was not well accepted by the 
clinical community and does not play a relevant role 
in daily practise. 

Aneurysmal rupture is followed by intraventricular 
spread of blood in up to 50% (Le Roux and Winn 1998). 
Solely primary intraventricular hemorrhage is usually 
associated with good outcome. The outcome is particu- 
larly better than in patients with a comparable volume 
of subarachnoid blood, indicating that the subarach- 
noid blood component is by far the most important 
determinant for clinical outcome (Roos et al. 1995). 



In a study analyzing 219 patients with ruptured 
aneurysms Mayerank et al. (2001) reported increased 
mortality and unfavourable outcome in patients with 
additional moderate and severe intraventricular hem- 
orrhage, indicating that severity of intraventricular 
hemorrhage is an independent predictor of mortality 
and functional outcome. 

5.3.1. 1 

CT Angiography 

Selective catheter angiography is still the standard 
method for diagnostic work-up of intracranial aneu- 
rysms (see below). Although the risk of permanent 
neurologic complications in patients undergoing 
DSA for suspected cerebral aneurysms is low, this 
method remains time consuming and invasive. To 
identify patients with unruptured aneurysms among 
those with thunderclap headache, an accurate non- 
invasive vascular imaging technique would be of 
considerable interest. 

Sensitivity of single- slice CT angiography in the 
investigation of intracranial aneurysms has been 
reported to range from 67% to 100% (Liang et al. 
1995; ViECO et al. 1995) with an accuracy of approxi- 
mately 90% and an interobserver agreement ranging 
from 75% to 84% (White et al. 2000). Nevertheless, 
this technique has demonstrated a limited sensitiv- 
ity for aneurysms smaller than 3 mm (25%-64% 
compared with 92%-100% for aneurysms > 3 mm) 
(Korogi et al. 1999; White et al. 2000). Moreover, 
CTA still has pitfalls if the aneurysm is located at a 
site where adjacent bone or considerable vessel over- 
lap exist, such as the paraclinoid and terminal ICA 
segments or at the MCA bifurcation. 

The implementation of multidetector row tech- 
nology led to a major step forward in the field of CT 
angiography, notably for small vessels and for intra- 
cranial aneurysms. This technique offers a reduction 
in acquisition time despite the use of pitch values 
inferior to unity. The improvement of image quality 
and spatial resolution ends up in better diagnostic 
results for intracranial aneurysms. Wintermark et 
al. (2003) found sensitivity, specificity and accuracy 
values of multi-row CTA of 99%, 95.2% and 98.3%, 
respectively. The positive and negative predictive 
values on a per-patient basis were 99% and 95.2%, 
respectively. In aneurysms smaller than 2 mm sensi- 
tivity was 50%; in aneurysms larger than 2 mm sen- 
sitivity was 95.8%. The interobserver agreement was 
98%. Multi-row CT technology will clearly make life 
easier at emergency departments. Patients with a 
first-time headache and a negative unenhanced CT 
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scan will get a quick and reliable CTA. To optimise 
treatment planning and work-flow CTA may also 
be used to stratify patients into endovascular and 
surgical treatment groups. However, whether CTA 
really will allow us to flgure out which therapeutic 
modality is best suited still has to be determined. In 
our opinion there are drawbacks when describing 
the anatomy of the neck and the true relationship of 
tiny vessels originating near to the entrance of the 
aneurysm or adjacent to the aneurysm dome. How- 
ever, CTA clearly plays a role in the pre-therapeutic 
phase in large or giant aneurysms. In these patients 
it is often difficult to visualize the exact anatomy 
of the neck and the relationship to adjacent bony 
structures, such as in the paraophthalmic region 
than with conventional DSA alone. Moreover, CTA 
is very helpful in the pretherapeutic planning of 
partially calcified and thrombosed aneurysms and 
might help to determine the best treatment modal- 
ity. In patients with large, space-occupying hemato- 
mas CTA is clearly enough to rule out an underlying 
aneurysm. In this specific situation DSA is probably 
not indicated any more. 

Comparing CTA with the non-invasive competitor 
MRA there are pros and cons for both methods. 

Patients with typical contraindications for MRA, 
such as ferromagnetic clips (Klucznik et al. 1993) or 
pacemakers, or patients on life-support devices and 
claustrophobia are usually candidates for CTA. CTA is 
more or less independent of flow rate, the images will 
be diagnostic even in patients with a low cardiac output, 
whereas in MRA this may lead to saturation effects. Flow- 
related artefacts seen in larger aneurysms on MRA are 
not seen with CTA. Additionally, CTA may depict aneu- 
rysm wall calcifications, for example at the neck, which 
might cause difficulties during clipping (Schwartz et 
al. 1994). CTA is more likely to be useful in patients after 
aneurysm clipping: there are reconstruction algorithms 
available allowing to reduce clip-related artefacts to 
a minimum and thus enabling us to decide whether 
the aneurysm is completely clipped or not (Brown 
et al. 1999; Vieco et al. 1996). On MRA, however, even 
the standard non-magnetic clips do cause severe field 
disturbances. Therefore, MRA is not a diagnostic tool 
for these patients. However, technical developments 
are on-going. Conner and colleagues (2002) recently 
described a MRA technique with ultrashort echo times 
reducing clip artefacts significanfly. The images are still 
not diagnostic, but progress is stiU going on. 

Patients treated with endovascular methods need 
angiographic follow-up. But coil artefacts preclude the 
use of CTA in these patients. MRA is clearly an excel- 
lent tool for patients with previously coiled aneurysms. 



In this patient group we think time-of-flight MRA 
(TOF-MRA) is the method of choice (Brunereau et 
al. 1999; Kahara et al. 1999; Weber et al. 2001). And 
there are limitations of CT due to artefacts at the skull 
base. Furthermore, CTA requires iodine contrast agent 
and is associated with radiation exposure, which is a 
significant drawback in using CTA for community 
screening, particularly if this needs to be performed 
several times during a patient's lifetime. 

5.3.2 

Magnetic Resonance Imaging 

Magnetic resonance imaging and MR angiography 
are increasingly used in the diagnostic work-up of 
patients with cerebral aneurysms. However, MRI is 
less suitable than CT in patients with acute SAH 
because they are often restless and need extensive 
monitoring. It is used in patients with a negative 
angiogram to detect other causes of SAH, such as 
a thrombosed aneurysm or spinal vascular malfor- 
mation and it will increasingly be used in screening 
programs and as a follow-up tool after endovascular 
therapy. 

Conventional MRI sequences are less sensitive to 
SAH than CT scanning. Since SAH is mostly arte- 
rial in origin, the predominant form of hemoglobin 
is oxy-Hb. Immediately after the extravasation of 
blood into the subarachnoid space, there is a short- 
ening in T1 due to the increase in hydration layer 
water owing to the higher protein content of CSF. 
This results in an increased signal on T1 -weighted 
and proton-density images. Fluid- attenuation 
inversion recovery (FLAIR) sequences are highly 
sensitive. The signal from CSF is almost completely 
reduced while producing a heavy T2-weighting. 
On FLAIR images SAH appears hyperintense com- 
pared to CSF and the surrounding brain (Noguchi 
et al. 1995). Currently, it is widely accepted that 
even subtle amounts of subarachnoid blood can 
be detected by MR when using FLAIR or proton- 
density weighted MR sequences (Wiesmann et al. 
2002). False-positive FLAIR results which may be 
caused by flow-related enhancement within the 
CSF may occur. However, this problem could be 
overcome with the interpretation of protondensity 
weighted sequences. Even hyperacute SAH can be 
detected with MR. Compared with CSF the hyper- 
acute blood has a slightly lower signal intensity on 
T2’'^-weighted gradient-echo images and increased 
signal intensity on T2-weighted spin-echo images 
(Rumboldt et al. 2003). 
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Fig. 5.3.4. a, b 3D CTA of bilateral MCA aneurysm and a small vertebral 
aneurysm, c-e DSA (ap view), aneurysmography and 3D CTA of a large 
MCA aneurysm demonstrating that one major MCA branch is originating 
very close to the neck of the aneurysm, f, g Fusiform MCA aneurysm: 3D 
CTA and DSA match perfectly, h-j Broad-based basilar artery aneurysm 
encroaching both PI segments demonstrated on 3D CTA as well as on DSA. 
k-m Ruptured Pcom aneurysm (arrow) 
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Fig. 5.3.5. a Flair sequence with some artefact after clipping of a MCA aneurysm on the left side, b Axial source image of the 
TOF-MRA reveals signal loss at the course of the MCA and next to the basilar artery after coiling of a left superior cerebellar 
artery aneurysm, c There is no flow signal on the 3D reconstruction images of the TOF-MRA as well as of the contrast-enhanced 
MRA. d DSA of an incompletely clipped MCA aneurysm, e Due to the artefacts caused by the clip 3D CTA is not useful in 
evaluating residual aneurysm after clipping 
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Fig. 5.3.6. Flair Sequence demonstrating blood in the subarachnoid space around the brain stem and predominantly on the 
occipital surface and in the ventricles as well as acute hydrocephalus after rupture of a left vertebral aneurysm 



S.3.2.1 

Magnetic Resonance Angiography 

MR angiography provides a fast, accurate and 
non-invasive evaluation of intracranial aneurysms 
without the risk of conventional angiography. The 
TOF-MRA technique has an excellent spatial resolu- 
tion and sufficient field of view, covering all relevant 
intradural arteries and can be performed within a 
reasonable acquisition time. 

However, MRA has not replaced catheter angiog- 
raphy yet. The accuracy of MRA depends on how the 
images are processed and reviewed. Using maximum 
intensity projection alone sensitivity for identifica- 
tion of at least one aneurysm per patient was 75%, 
increasing to 95% when axial source and spin-echo 
images were reviewed as well (Ross et al. 1990). 

Aneurysm size is a crucial factor for sensitivity. 
MRA studies consistently indicate sensitivity rates of 
more than 95% for aneurysms larger than 6 mm, but 
much less for smaller aneurysms (Atlas et al. 1997). 
For aneurysms smaller than 5 mm, which constitute 
as many as a third of aneurysms in asymptomatic 
patients (Kojima et al. 1998) detection rates of 56% 
and less have been reported (Korogi et al. 1996). 
However, these aneurysms should not be ignored 
even if their rupture risk seems to be low (Wiebers 
et al. 2003). In our experience, in most patients MRA 
can detect aneurysms as small as 3 mm, the problem 
to detect lesions below this size is well known. The 
results of Atlas et al. (1997) and Korogi et al. (1996) 



reported problems in the identification of untreated 
aneurysms smaller than 3 mm in size. Therefore, 
TOF-MRA might not be reliable in patients with an 
aneurysm initially smaller than or equal to 3 mm. 
This should be taken into account for all screening 
programs, but also for those follow-up examinations 
(after coiling), when the initial size of the aneurysm 
was around 3 mm. 

In a study comparing 3D TOF-MRA with intra- 
arterial DSA, Adams et al. examined 29 patients 
harbouring 42 intracerebral aneurysms. MR data 
were examined in different forms, i.e. axial source 
data, maximum intensity projection images, multi- 
planar reconstructions, and 3D isosurface images. 
Three aneurysms were not detected by MRA. These 
aneurysms were either smaller than 3 mm or in ana- 
tomically difficult locations (MCA bifurcation) or 
obscured by an adjacent hematoma. Time-of-fiight 
techniques may obscure some anatomical details due 
to fiow disturbances. The authors conclude that MRA 
is inferior to intraarterial DSA for pre-treatment 
assessment of intracranial aneurysms; however, 
MRA can provide complementary information to 
DSA such as intramural thrombus. If MRA is used 
analysis of both axial source data and reconstructed 
images is mandatory (Adams et al. 2000). 

The study by Ronkainen et al. (1997) illustrates the 
current problems of non-invasive aneurysm imaging. 
Screening 85 families of patients with SAH using MRA, 
Ronkainen (1997) and colleagues found 58 aneurysms 
in 45 of 438 screened patients. Conventional angiogra- 
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Fig. 5.3.7. a Time-of-flight MR angiography of normal 
intracranial vessels and (b) contrast-enhanced MRA 
technique with a large field-of-view covering all ves- 
sels from the aortic arch to the circle of Willis 




Fig. 5.3.8. TOF-MRA of a small Acorn aneurysm 




Fig. 5.3.9. TOF-MRA of an ICA/Pcom aneurysm. MRA even 
reveals that the aneurysm has a small neck and is suitable for 
endovascular therapy 



phy was performed in 43 of these 45 patients, revealing 
that seven of these 43 did not have an aneurysm (MRA 
false positive), and the remaining 36 actually had 60 
aneurysms ( 13 of which had been missed on MRA false 
negative). The true positive rate for MRA was 78%, the 
false positive rate was 15% and the false negative rate 
was 22%. Positive predictive value was 87%, but since 
395 subjects did not undergo conventional angiogra- 
phy, the true negative rate and negative predictive value 
cannot be calculated for the whole study. Okahara et 
al. (2002) compared MRA with DSA in 133 patients 
with aneurysms. This study is of particular interest 
because the authors mainly focussed on evaluation of 
the images by a neuroradiologists, a neurosurgeon, a 
general radiologist and a resident in neuroradiology. 
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This study clearly has more clinical impact than many 
others done before. The diagnosis is not made by the 
technique - not surprising, but never mentioned with 
such evidence - but is dependent on the skills of the 
reader. The results were as follows; 79% of aneurysms 
were detected by the neuroradiologist, 73% by the 
neurosurgeon, 63% by the general radiologist and 60% 
by the resident in neuroradiology. Again, 3 mm was a 
crucial size of aneurysms: below that size, it seems to 
be very difficult to get reliable results. 

Despite all these mentioned limitations - and we 
have given details about these studies, because the 
scientific community is still discussing this problem 
without an evidence based solution - MRA is increas- 
ingly used for screening of aneurysms (Kojima et al. 
1998), especially in families of SAH patients. 

However, another excellent indication for MRA 
is clearly follow-up in patients who had endovas- 
cular aneurysm treatment before. It is increasingly 
accepted that MRA techniques in this patient sub- 
group are sufficient enough to detect those aneurysm 
recanalizations that require retreatment. In addition 
to TOP techniques contrast-enhanced MR angiogra- 
phy is a complementary tool to visualize supraaortal 
and intracranial arteries. The spatial resolution is 
still lower than with TOP, acquisition time is much 
shorter (down to 12 s for a 3D data set) and the POV 
covers the whole area from the aortic arch to the 
circle of Willis. However, up to now we do not have 
exact data about sensitivity and specificity of this 
technique in aneurysm patients. 

Present indications for MRA in the evaluation of 
cerebral aneurysms include: 

- Incidental findings on CT or MRI suspicious for 
an aneurysm 

- Evaluation of specific clinical symptoms (i.e., third 
cranial nerve palsy) or non-specific symptoms in 
whom an aneurysm might explain the clinical 
presentation (thunderclap headache) 

- Contraindications for conventional angiography 

- Non-invasive follow-up of patients with known 
aneurysms or endovascular treated aneurysms 

- Screening in “high risk” patients (first degree rela- 
tives of patients with SAH or multiple aneurysms, 
patients with polycystic kidney disease or with 
connective tissue disease) 

5.3.4 

Cerebral Angiography 

Owing to its excellent spatial resolution conventional 
cerebral angiography is still the gold standard for 



the detection of a cerebral aneurysm. Currently, this 
is performed during the first available moment after 
presentation of the patient at the hospital after SAH. 
Considering that the risk of rehemorrhage is highest in 
the first 24 h (4%), an early angiogram is crucial for any 
therapeutic decision and for the patient's outcome. 

Cerebral angiography can localize the lesion, 
reveal aneurysm shape and geometry, determine 
the presence of multiple aneurysms, define vascular 
anatomy and collateral situation, and assess the pres- 
ence and degree of vasospasm. Due to the frequency 
of multiple aneurysms a complete four-vessel angi- 
ography is essential. However, in the case of a space 
occupying hematoma angiography of the most likely 
affected vessel is sufficient. Anteroposterior, lateral, 
and oblique views are systematically performed with 
cross-compression to demonstrate the Acorn, if neces- 
sary. Additional views may be necessary to optimize 
demonstration of the aneurysm neck. If no aneurysm 
is found, selective catheterization of both external 
carotid arteries is performed to exclude a dural arte- 
riovenous fistula. The potential for collateral circula- 
tion from the vertebrobasilar system maybe evaluated 
when the vertebral artery is injected during carotid 
artery compression (Allcock test) demonstrating 
patency, size and collateral potential of the PI segment 
of the PCA and the posterior communicating artery 
ipsilateral to the carotid artery compressed. 

As a prerequisite to angiography, survey of renal 
function and coagulation factors is required in all 
patients. Digital subtraction angiography technique 
is necessary, biplane angiography facilitates the diag- 
nostic workup and is useful for safe and fast thera- 
peutic interventions. It shortens examination time 
and increases the safety during aneurysm oblitera- 
tion. High-quality fluoroscopy and roadmapping are 
essential to perform intracranial interventions. 

5.3.4.1 

3D Rotational Angiography 

The precise visualization of the aneurysm neck, the 
shape and the size of the aneurysm, and its rela- 
tionship to parent vessels are important factors for 
endovascular therapy. Rotational angiography in a 
2D or 3D mode is available on most new genera- 
tion neurointerventional angio suites and represents 
a valuable supplement to standard biplane DSA. 
Using rotational angiography multiple oblique views 
are obtained as source for 3D reconstruction. Data 
acquisition consists of a rotational mask followed by 
a second run during contrast injection. During data 
acquisition the C-arm rotates in a continuous 200° 
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arc around the patients‘s head placed in the isocenter 
(Fahrig et al. 1997). Rotational angiography helps to 
define the aneurysm neck, find the appropriate work- 
ing position and perform accurate measurements. 3D 
angiography thereby improves planning of surgical 
and interventional procedures, especially in complex 
aneurysms (Anxionnat et al. 2001). However, even 
the highest standard 3D DSA techniques cannot 
always precisely describe the exact anatomy of the 
neck and the exact relationship of tiny adjacent ves- 
sels to the aneurysm dome and neck. As an inter- 
ventionalist you still have to rely on your experience 
and - sometimes - on superselective catheterization 
of the aneurysm itself. And sometimes you have to 
combine it with temporary coil placement without 
subsequent detachment. 



Stroke complication rate for diagnostic angiogra- 
phy at our institution is less than 0.5%, comparable 
to other major interventional centres across Europe 
and the US (Heiserman et al. 1994). Thus the risk: 
benefit ratio still justifies conventional angiography 
in the diagnostic management of aneurysms. Other 
complications may include allergic reaction to con- 
trast agent, renal failure, bleeding at the puncture 
site. In fact, incidence of allergic reaction seems to be 
very low (we did not see a single instance during the 
last 6 years) and bleeding complications will prob- 
ably further decrease with the availability of specific 
devices allowing a “surgical” closure of the punc- 
ture site. Aneurysm rupture during angiography is 
reported in less than 3% of patients investigated 
with SAH. “Less than 3%” is correct, but for us it 





Fig. 5.3.10. a Paraophthalmic aneurysm, b On 3D rotational 
DSA the ophthalmic artery is assumed to originate from the 
aneurysm, but after complete occlusion of the aneurysm this 
vessel remained patent (c) 
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Fig.5.3.11. a ICA 
aneurysm, b Aneu- 
rysmography: selec- 
tive angiography 
with the tip of the 
microcatheter placed 
within the aneurysm 




Fig. 5.3.12. Aneurysmography of a small Acorn aneurysm 



sounds higher than reality shows. In our institution, 
and now studying about 200 patients per year with 
intracranial aneurysms, we have not seen an aneu- 
rysm rupture during diagnostic angiography in the 
last 6 years. 

The risk of aneurysm rupture, however, may be 
increased during superselective aneurysmography. 
Superselective angiography with the tip of the micro- 
catheter placed within the aneurysm and gentle 



injection of contrast may be helpful in demonstrat- 
ing morphological details of the entire aneurysm, 
especially concerning the identification of vessels 
arising from the aneurysm. Gailloud et al. (1997) 
reported a posterior perforating artery originating 
from the dome of a basilar tip aneurysm identified 
only by selective aneurysmography. 



5.3.5 

Patients with SAH of Unidentifiable Cause 

If the initial angiography is negative despite aneu- 
rysmal pattern of hemorrhage, repeated angiogra- 
phy within 2-3 weeks is clearly indicated. Cranial 
or spinal MRI may be indicated to exclude other 
sources of hemorrhage. The risk of rebleeding is 
up to 10% (Canhao et al. 1995). There might be 
several explanations for the missing radiological 
detection of an aneurysm: apart from technical 
limitations such as insufficient projections, vaso- 
spasm, aneurysm thrombosis or obliteration of the 
aneurysm by pressure of adjacent hematoma might 
contribute to the failing radiological demonstra- 
tion. If a second angiogram also fails to reveal the 
suspected aneurysm a third angiography might be 
indicated after an interval of several months and 
may then demonstrate the aneurysm (Rinkel et 
al. 1991). 

If cerebral angiography is negative in a pattern 
of perimesencephalic hemorrhage the diagnosis of 
non-aneurysmal hemorrhage should be established 
and no repeat studies are needed. 
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Fig. 5.3.13. Patient after SAH with a basilar tip aneurysm seen on CTA in an 
outside hospital, a Initial DSA did show vasospasm of the PI segment and 
the superior cerebellar artery on both sides. In addition, some irregularity 
at the tip of the basilar artery was noted but no real aneurysm, b Repeated 
DSA 2 months later showed a small basilar tip aneurysm suitable for endo- 
vascular treatment, c The patient was scheduled for embolization 10 days 
later but the aneurysm again was not visible. The patient was referred to 
surgery 




5.5.5. 7 
Screening 

Screening for a cerebral aneurysm is indicated in 
patients in whom the risk of investigations to detect 
and treat the aneurysm is less than the risk of the 
natural history of the aneurysm. The natural his- 
tory, however, is not clearly defined. Screening has 
been recommended for first-degree relatives of a 
family member with two or more aneurysms and 
for patients with autosomal dominant polycystic 
kidney disease (Schievink 1997; Schievink et al. 
1997). In identical twins with one suffering SAH, the 
risk of harbouring an aneurysm is increased in the 
other and screening is also indicated. 



5.3.6 

Transcranial Ultrasound 

Transcranial Doppler sonography (TCD) has proved 
to be a suitable non-invasive technique for measuring 
cerebral blood flow velocity in large cerebral arteries. 
The technique of TCD can be combined with duplex 
imaging and with colour coding. Colour TCD ultra- 
sound became available in the early 1990s, with some 
success at identification of aneurysms (Becker et al. 
1992). A recently developed technology of colour 
coded Doppler, i.e. colour Doppler energy or power 
Doppler, showed a significant greater sensitivity to 
fiowing blood than standard colour flow imaging 
(Wardlaw and Cannon 1996). 
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However, in the detection of cerebral aneurysms 
power TCD is less sensitive than other non-invasive 
techniques such as CTA and MRA. Especially in small 
aneurysms of less than 6 mm sensitivity is very poor 
(0.35), the internal carotid artery is the most difficult 
segment to interpret on ultrasound (Griewing et al. 
1998; White et al. 2001). Additionally, insonation of 
the MCA is inadequate or even not possible in 5%- 
20% of all patients because of insufficient ultrasound 
transmission through the skull (White et al. 2001). 
Although the technique is quick, safe, inexpensive 
and non invasive, it is highly dependent on the skills 
of the operator. At the moment, TCD for the detection 
of cerebral aneurysms is only of scientific interest 
and cannot be recommended for routine use. In fact, 
it does not play any role in the diagnostic work-up of 
SAH patients nor in screening. 



5.4 

Therapy 

5.4.1 

General Considerations 

The primary treatment goal of cerebral aneurysms is 
prevention of rupture. Surgical clipping has been the 
treatment modality of choice for both ruptured and 
unruptured cerebral aneurysms since decades. Just 
over 20 years ago endovascular treatment was mainly 
restricted to those patients with aneurysms unsuitable 
for clipping due to the size or location, or in whom 
surgical clipping was contraindicated because of the 
general medical condition. Since the introduction of 
controlled detachable coils for packing of aneurysms 
(CuGLiELMi et al. 1991ab), endovascular embolization 
is increasingly used. Numerous observational studies 
have published complications rates, occlusion rates 
and short-term follow-up results. These have been 
summarized up to March 1997 in a systematic review 
of 48 eligible studies of 1383 patients with ruptured 
and unruptured aneurysms (Brilstra et al. 1999). 
Permanent procedural complications occurred in 
3.7% of 1256 patients. More than 90% occlusion of the 
aneurysm was achieved in around 90% of patients. The 
most frequent procedural complication was cerebral 
ischemia, the second most frequent complication was 
aneurysm perforation, which occurred in about 2% 
of patients. Rerupture of angiographically success- 
ful coiled aneurysms may occur, long-term rates of 
rebleeding after endovascular coiling still need to be 
established. In 2002 the results of the ISAT study were 



published; the clear benefit of the endovascular treated 
patients will definitely change treatment strategies for 
patients with intracranial aneurysms (Molyneux et 
al. 2002). The endovascular approach will become the 
first line treatment option, whenever this option is 
available. ISAT represents a landmark in the evolution 
of aneurysm treatment and, therefore, a more detailed 
discussion of these results seems justified. 

5.4.2 

The ISAT Study 

ISAT was a randomised, prospective, international, 
controlled trial of endovascular coiling versus surgical 
clipping for a selected group of patients with ruptured 
intracranial aneurysms deemed suitable for both types 
of therapy. Most patients were treated at high-volume 
centres in the United Kingdom, with the remainders 
from other European countries, Australia, Canada, and 
the United States. The primary endpoint was patient 
outcome, defined as a modified Rankin scale of 3-6 
(dependent or deceased) at 1 year. The primary hypoth- 
esis was that endovascular treatment would reduce the 
proportion of patients dependent or deceased by 25% at 
1 year. A total of 9559 patients with SAH were screened 
and around one quarter {n = 2143) were randomly 
assigned to both treatment groups. Those patients 
who were screened but not randomized were treated 
surgically in 39%, endovascularly in 29% or by an unre- 
corded therapy (11%). Most randomized patients had 
aneurysms located at the AcomA or intracranial ICA. A 
total of 94% of randomised patients were in good condi- 
tion (WENS grades I-III). The study was prematurely 
stopped after the results of a planned interim analysis 
were available: at 1 year, 23.7% of the patients allocated 
to endovascular treatment were dependent or dead, as 
compared with 30.6% of patients in the surgical group. 
Later on, the study group reported the revised outcome 
results with an even greater absolute risk reduction of 
8.7% and a relative risk reduction of 26.8% for coil- 
ing over clipping (Kerr and Molyneux 2003). The 
results of the ISAT study were not readily accepted, 
particularly not in the neurosurgical community. We 
strongly recommend reading the statement written by 
the Executive Committee of the American Society of 
Interventional and Therapeutic Neuroradiology and 
the American Society of Neuroradiology (Derdeyn et 
al. 2003). The authors answer a lot of frequently asked 
questions about ISAT. 

A major issue is the durability of aneurysm occlu- 
sion after coiling. It is true that long-term durability 
of endovascular therapy remains to be determined. 
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The present data, however, suggest that it is very 
unlikely that late aneurysm rebleeding will occur at 
a rate that would significantly affect the difference in 
outcome between surgery and coiling. The ISAT data 
indicate a risk of rebleeding after 1 year of 0.16% 
patient-years of follow-up. Thus it would take more 
than 40 years to overcome the benefit seen at 1 year 
with endovascular treatment. 

Another major issue was the doubt about the com- 
petence of British neurosurgeons. However, they were 
very experienced - just looking at the numbers of 
patients they treated - and their results pretty much 
matched the results of the tirilazad study, a prospec- 
tive multicenter study, mainly involving US neuro- 
surgeons (Haley et al. 1997; Lanzino and Kassell 
1999). In this study, in the 3-month follow-up, 9.2% of 
the grades I-III patients had died. In ISAT 8.3% of the 
surgically randomised patients were dead at 2 months, 
increasing to 10.1% at 1 year. Incidentally, similar data 
were reported from the European and Australasian 
arm of the tirilazad study (Lanzino et al. 1999a). 

The low randomization rate is another point of 
criticism; randomization rates were less than 40% in 
NASCET and less than 4% in ACAS. ISAT is within 
the range of randomization rates given by other large 
studies. There is absolutely no indication that the 
randomisation rate could affect the final result. 

Beside these frequently asked questions there are 
a number of important implications of ISAT: ISAT 
will significantly change our policy for patients with 



unruptured aneurysm. We look ahead for those meta- 
analyses based on the treatment results of ISAT. 

Since ISAT it is mandatory that all patients 
should be seen by a neurointerventionalist to decide 
whether the aneurysm is suitable for coiling or not. 
If one treatment is recommended over another, the 
reasons for this decision should be documented as 
in accordance with the usual standards for informed 
consent. Furthermore, the ISAT data add support 
for the treatment of patients with aneurysmal SAH 
in high-volume centres that offer both surgery and 
endovascular therapy. 

5.4.3 

Treatment of Unruptured Aneurysms 

This is still a controversial topic and up to now there is 
stiU no total agreement about indications. First of all, the 
easiest parts: There are two groups of unruptured aneu- 
rysms, asymptomatic aneurysms detected incidentally 
and those causing clinical symptoms due to compres- 
sion of nerval structures or emboli arising from the 
non-ruptured sac. The former group also includes those 
aneurysms detected during angiography in patients 
with SAH with an aneurysm in another location. 

The management of unruptured aneurysms 
remains controversial and depends on a full under- 
standing of their natural history balanced against the 
risks of treatment and long-term protection afforded. 




Fig. 5.4.1. Giant vertebral aneurysm in a 9-year-old boy with nausea and vomiting due to brain stem compression (a, DSA ap 
view; b, axial contrast-enhanced CCT) 
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Aneurysm prevalence in the general population 
shows wide variation. However, in those with a family 
history of SAH, the prevalence of unruptured aneu- 
rysms has been reported from 10% to 13% (Kojima 
et al. 1998). And, detection of aneurysms during life is 
increasing due to increased use of accurate imaging 
methods and due to screening programs introduced, 
e.g. in Japan. In summary, unruptured aneurysms will 
be identified with regularity in most units involved in 
neuroimaging and the management of these patients 
is a universal problem. 

Unfortunately, unruptured aneurysms are a het- 
erogeneous entity, both in terms of morphology and 
behaviour, e.g. tendency to rupture. This is in part 
refiected in the extreme variation in reported rupture 
risk in the literature between 0.05% and 5% a year 
(WiEBERS 1998; WiEBERS et al. 1981). 

Aneurysm size seems to be an important factor to 
predict the risk of rupture; ISUIA part one tried to 
teach us that 10 mm is a critical size. Smaller aneu- 
rysms (without a history of SAH from another aneu- 
rysm) had a rupture risk of 0.05% per year. There was 
a lot of criticism about this study, mainly because the 
daily experience of nearly all physicians treating 
aneurysmal SAH patients is, that the vast majority of 
ruptured aneurysms are less than 7 mm in size. The 
second part of the ISUIA study - published in July 
2003 - came out with a slightly different result: the 
critical size of the aneurysm was downsized to 7 mm 
and there were certain locations with an increased 
risk of rupture per se: Posterior circulation aneu- 
rysms and those aneurysms arising from the poste- 
rior communicating artery (Wiebers et al. 2003). 



Table 5.4.1. 5-Year cumulative rupture rates of intracranial 
aneurysms (Wiebers et al. 2003) 



Size/location 


<7 mm 


7-12 mm 


13-24 mm 


>25 


ICA/AcomA/ 

ACA/MCA 


0% 


2.6% 


14.5% 


40% 


PcomA/Posterior 

circulation 


2.5% 


14.5% 


18.4% 


50% 



Other studies found the incidence of rupture of all 
coincidental aneurysms to be between 1% and 3.2% 
per year, with hypertension and aneurysm multiplic- 
ity being specific risk factors (Winn et al. 1983; Yasui 
et al. 1997). Other factors for a higher probability of 
rupture include; multilobular aneurysm morphology 
(Hademenos et al. 1998), posterior location (Hade- 
MENOS et al. 1998; Rinkel et al. 1998; Wiebers et al. 
2003), symptoms related to mass effect, and female 
sex, smoking and hypertension. 



A striking observation in many studies on unrup- 
tured aneurysms is that Acorn aneurysms are gener- 
ally underrepresented. One possible explanation is 
that these aneurysms have a different natural history; 
they may form and subsequently rupture rapidly so 
that the opportunity to detect these as unruptured 
lesions is limited. If this explanation is true, the ISUIA 
findings (see Table 5.4.1) have to be interpreted with 
much more care than previously. 

The early and late outcome after surgery of unrup- 
tured aneurysms is well documented in the literature. 
A meta-analysis by Raaymakers et al. (1998) of 61 
studies on 2460 patients with 2568 clipped aneurysms 
showed a permanent morbidity of 10.9% and mortal- 
ity of 2.6% with the best results in small and anterior 
circulation aneurysms. A study by Johnston et al. 
(1999a) compared the clinical outcomes of patients 
who had unruptured aneurysms treated by surgery 
and endovascular therapy. Morbidity was signifi- 
cantly higher in the surgical group (18.5%) than in 
the endovascular group (10.6%). Mortality was 2.3% 
after surgery and 0.4% after coiling. A further study 
by the same authors showed improved clinical out- 
comes, shorter hospital stay, shorter recovery period, 
reduced costs and reduced long term symptoms in 
those patients treated with coil embolization (John- 
ston et al. 2000). Technical feasibility in over 90% in 
our patient group and in those of other authors with 
a high occlusion rate justify comparison with neuro- 
surgical data on unruptured aneurysms (Murayama 
et al. 1999; Wanke et al. 2002). We had a morbidity 
of 4.8%, mortality was zero (Wanke et al. 2002). 
Murayama et al. (1999) reported a morbidity of 4.3% 
in a total of 109 patients after endovascular treatment 
of unruptured aneurysms, with no morbidity in the 
last 65 patients. Comparisons between surgical and 
endovascular treatment of unruptured aneurysms 
demonstrated that the costs treating an unruptured 
aneurysm are significantly lower than treating 
patients with SAH regarding length of hospital stay 
and sequelae of morbidity (Johnston et al. 1999a,b, 
2000; Murayama et al. 1999; Wardlaw and White 
2000; Wiebers et al. 1992). By comparing the results 
of surgical clipping and coil embolization of 60 uni- 
versity hospitals, Johnston et al. (1999) reported 
significant higher costs ($43,000 vs. $30,000) and sig- 
nificant longer hospital stay (9.6 days vs. 4.6 days) for 
the surgical cases. All these facts encourage us to use 
the endovascular route instead of clipping in the vast 
majority of patients with unruptured aneurysms. 

In cases of a ruptured aneurysm in another loca- 
tion the relative risk of rupture of an additional non- 
ruptured aneurysm is higher than without a history 
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of SAH (WiEBERS 1998) and, therefore treatment is 
indicated. However, in this specific subgroup there are 
different opinions about the best strategy (Inagawa et 
al. 1992; Mizoi et al. 1995; Raaymakers et al. 1998; 
WiEBERS 1998; WiEBERS et al. 2003). The MARS group 
analyzed risk and benefit of screening for intracranial 
aneurysms in first-degree relatives of patients with 
SAH (626 first-degree relatives). 18 out of 25 patients 
with aneurysms had neurosurgical clipping of their 
unruptured aneurysm, none of them had endovas- 
cular therapy. They conclude that screening is not 
warranted at this time since the slight increase in life 
expectancy does not offset the risk of postoperative 
sequelae (Raaymakers 2000). Wardlaw and White 
(2000) concluded that the indication and cost-effec- 
tiveness of screening for aneurysms is totally unclear 
because prevalence varies, rupture rate is stiU unclear 
and non-invasive imaging modalities are not yet 
accurate enough to exclude aneurysms smaller than 
5 mm. The major drawback of all these studies is that 
the results of endovascular treatment in unruptured 
aneurysms were not taken into account. More recently, 
Hoh et al. (2003) established that endovascular 
treatment of unruptured aneurysms has an average 
mortality of 1.7% and morbidity of 7.6%. However, 
mortality rate was lower at high- volume hospitals (1% 
versus 3.7%), morbidity at hospitals with high referral 
rates was 5.2% versus 17.6% for hospitals treating less 
than four unruptured aneurysms per year. In addition. 




Fig. 5.4.2. Distal basilar artery aneurysms in a 
patient with right-sided oculomotor palsy 




Fig. 5.4.3a-c. a DWI with silent small infarct of the PICA after 
embolization of a left vertebral aneurysm, b, c DWI showing 
small acute cerebral infarctions in the territory of the MCA 
after embolization of an unruptured right paraophthalmic 
aneurysm; the patient had no neurological symptoms 
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at high volume hospitals length of stay was shorter 
and total hospital charges were significantly lower. 
In conclusion, their recommendation to patients with 
unruptured aneurysms is to look for high-volume 
hospitals and physicians treating a high number of 
patients (Hoh et al. 2003). 

Currently, healthcare is undergoing a major reor- 
ganization to meet growing economic pressure and 
the aspect of preventive therapy becomes more and 
more important. Therefore, aneurysm treatment has 
to be considered in several respects: what is the risk of 
aneurysm rupture and what are the costs to treat a sub- 
arachnoid hemorrhage? What are the costs of treating 
an unruptured aneurysm either neurosurgically or via 
an endovascular approach to avoid SAH with possibly 
fatal complications? Costs arising treating an aneurys- 
mal hemorrhage have to be weighted against the risk of 
rupture of an incidentally detected aneurysm. 

It is necessary to provide the patient all treatment 
options. Regarding the cost-effectiveness and the fact 
that endovascular treatment has a lower morbidity 
and mortality than neurosurgically treated patients, 
in our opinion, unruptured cerebral aneurysms in 
any location should be considered first for endovas- 
cular treatment. 



5.4.4 

Treatment of Ruptured Aneurysms 

SAH is the most common sequelae in patients with 
a ruptured intracranial aneurysm. The first clinical 
symptom is usually an acute onset of headache. In 
most patients, such headache was not experienced 
ever before in life (“the worst headache of my life”). 
In patients with known migraine or other types 
of headache SAH can be overlooked, but usually 
patients themselves can clearly distinguish between 
these different types of headache. Aspirin should be 
avoided at all cost in these patients. A warning leak, 
defined as a sudden episode of headache, vomiting, 
nuchal pain, dizziness or drowsiness, might precede 
this event in a considerable number (Hauerberg 
et al. 1991). The first symptom could also be due to 
an intraparenchymal bleeding preceded by a minor 
SAH. These patients typically suffer from a fronto- 
basal bleeding and might be referred to a psychiatric 
department because of a sudden onset of a psychotic 
episode. Therefore, cross sectional imaging is indi- 
cated in patients with sudden change of behaviour. 

Very few patients do not experience the onset of 
SAH as an acute onset of headache, but realize the 
symptoms of infarction due to subsequent vasospasm. 




Fig. 5.4.4. Frontal intraparenchymal hemorrhage without SAH 
due to a ruptured Acorn aneurysm in a patient with sudden 
onset of a psychotic episode 



In these patients, Doppler sonography and lumbar 
puncture should reveal the cause of the disease. 

Since the rebleeding rate of a ruptured aneurysm 
depending on the location is as high as 50% the urge 
to treat a ruptured aneurysm is obvious. 

The clinical categorization of patient's symptoms 
was summarized by Hunt and Hess. This classification 
is internationally accepted and widely used to describe 
the patient's condition at admission after SAH. 
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Fig. 5.4.5a, b. Right MCA infarct in a patient 
who was administered with mild left sided 
hemiparesis. Doppler sonography revealed 
slightly increased velocity of the ICA and MCA 
and lumbar puncture showed hemosiderin. The 
patient did not report a typical sudden onset of 
headache. DSA revealed a small Pcom aneurysm 
but no visible vasospasms 

Table 5.4.2. Hunt and Hess classification of SAH 

I Asymptomatic, or minimal headache and slight nuchal 
rigidity 

II Moderate or severe headache, nuchal rigidity, no neuro- 
logical deficit (except cranial nerve palsy) 

III Drowsiness, confusion, or mild focal deficit 

IV Stupor, moderate or severe hemiparesis, possible early 
decerebrate rigidity and vegetative disturbance 

V Deep coma, decerebrate rigidity, moribund 



5.4.5. 1 
History 

Attempts to induce thrombosis of systemic aneurysms 
either by introducing foreign bodies or application of 
electrical or thermic injury date back to the first half of 
the 19th century. Velpeu (1831) and Phillips (1832) 
independently described a method of introducing 
arterial thrombosis by inserting a needle into the 
aneurysmal lumen and withdrawing it after thrombus 
have formed. In 1941 Werner et al. reported successful 
electrofhermic thrombosis of an acute ruptured intra- 
cranial aneurysm. Through a transorbital approach, a 
silver wire was introduced and heated, causing arrest 
of the aneurysmal bleeding. In 1963 Gallagher pro- 
posed a technique of inducing thrombosis of intra- 
cranial aneurysms by high-speed delivery of dog or 
horse hairs into the aneurysm using a pneumatic gun 
(“pilojection”) (Gallagher 1963, 1964; Gallagher 
and Baiz 1964). However, despite encouraging early 
results this method did not gain acceptance. 

Further improvements in endovascular devices, 
balloon techniques, and arterial catheterization, rap- 
idly led to the idea of endovascular navigation and 
occlusion of the aneurysmal sac. The first successful 
balloon embolization was performed by Serbinenko 
in 1973 (Serbinenko 1974a,b), establishing the 
way for modern endovascular treatment of cerebral 
aneurysms. However, several drawbacks of latex bal- 
loons, i.e. deflation, aneurysm rupture, protrusion into 
the parent vessel, distal embolization, and frequent 
rebleedings, prompted the search for better materials 
for aneurysm occlusion. Although balloon occlusion 
of parent vessels is still a therapeutic option for large, 
giant, or fusiform aneurysms, this technique has been 
mainly abandoned in favour of coil embolization. 
In 1991, the Italian neurosurgeon Guido Guglielmi 
published his preliminary experience with electrolyti- 
cally detachable platinum coils (Guglielmi Detachable 
Coils, GDC), opening a new era in aneurysm treatment 
(Guglielmi et al. 1991a,b, 1992). The GDC technique 
represents the current “gold standard” in endovascu- 
lar aneurysm therapy with more than 80,000 patients 
having been treated world-wide to date. And there 
is still ongoing progress in the field of endovascular 
therapy for intracranial aneurysms with development 
of new coil designs or other endovascular devices. 
The next step is supposed to replace the simply filling 
techniques with materials that promote real endothe- 
lialization of the aneurysm neck. 
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S.4.S.2 

Basic Assumptions for Endovascular Aneurysm 
Therapy 

5.4.5.2.1 

Contraindications to Endovascular Aneurysm Therapy 

True contraindications to endovascular aneurysm 
therapy (EVT) are very rare including not manage- 
able coagulopathies and known adverse reactions to 
heparin or contrast agents. Renal failure restricting 
the use of contrast material might be a relative con- 
traindication. 

5.4.5.2.2 

General Considerations About Surgery 
or Endovascular Aneurysm Therapy 

Initially, endovascular therapy was restricted to sur- 
gical “difficult” or inaccessible lesions, predominantly 
in the posterior circulation. Nowadays, the increasing 
experience and development of appropriate devices 
has widened the indications, and EVT has become 
a true alternative to surgical treatment (Molyneux 
et al. 2002). 

However, the current state of the art in endovascular 
therapy has still some limitations such as the anatomic 
situation of the aneurysm, aneurysm size or unfavour- 
able or invisible geometry (neck/fundus ratio). For 
aneurysms with a wide neck or difficult geometry 
surgery is still the preferred treatment. Relative limi- 
tations correspond to the expertise and experience of 
a given team. With increasing experience even wide 
neck or multilobulated aneurysms can be successfully 
treated via the endovascular approach. 

The decision to treat an aneurysm endovascularly 
rather than surgically is not easy and requires a mul- 
tidisciplinary input. It is important to jointly discuss 
the cases, preferentially in daily conferences and 
rounds. This collaboration requires both the neu- 
rosurgeon and the interventionalist to be extremely 
honest about what they think they can achieve with 
each approach. Neurosurgery and interventional 
neuroradiology are not competitive facilities, but 
the complementary nature of techniques offers the 
best chance for reducing treatment morbidity and 
improving long-term outcome in difficult aneu- 
rysms. However, currently more and more aneu- 



► 

Fig. 5.4.6a-c. Multilobulated Acom aneurysm before (a, b) and 
after embolization (c) 
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Fig. 5.4.7. a Broad based basilar tip aneurysm, b, c Endovascular treatment 
was performed with a stent and platinum coils. The stent was deployed with 
the distal end in the P 1 segment left and the proximal end in the mid basilar 
artery (markers). Coiling was done through the mesh of the stent 



rysms are treated via the endovascular approach and 

- in complete contrast to the situation of two decades 
ago - surgery is increasingly indicated in difficult 
endovascularly inaccessible aneurysms. 

In our institution, the way to decide who treats the 
patient has changed somewhat over time. During the 
first 2 years each individual aneurysm was discussed 
between neurointerventionalists and the vascular 
neurosurgeons. Over time it turned out - promoted 
by scientific data and by the institutional experience 

- that the endovascular route should be preferred, if 
technically possible, e.g. if the geometry and anatomy 
of the aneurysm makes it suitable for embolization. 
We have reached a point where most of the aneu- 



rysms are treated by an endovascular technique (up 
to 75%). 

Due to this circumstance the question of how to 
maintain the neurosurgeon’s expertise is becoming 
increasingly important. 

Timing: In recent years, the strategy of overall 
management has changed, focussing now on early 
referral and immediate therapeutic intervention to 
minimize the risk of rebleeding and enhance the pos- 
sibilities of aggressive neurointensive care to prevent 
vasospasm and secondary ischemic complications. 
One benefit for the endovascular arm in ISAT was 
the earlier time of treatment compared to the surgi- 
cal group. 
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5.4.5.2.3 

Standards for Endovascular Aneurysm Therapy 

The neurointerventionalist performing the proce- 
dure should have appropriate training and experi- 
ence in neuro angiography and cerebral interven- 
tions, a full understanding of the disease process 
and alternative methods of treatment, and should 
fully appreciate the risks and benefits of the pro- 
cedure. A thorough understanding of vascular 
neuroanatomy, angiographic equipment, radiation 
safety considerations, and physiologic monitoring 
equipment is taken for granted, as well as access to 
an adequate supply of catheters, guidewires, embolic 
devices, equipment for intraarterial thrombolysis or 
treatment of vasospasm. The neurointerventionalist 
should be familiar with anticoagulation regimens 
and the management of neuroangiographic compli- 
cations, such as intraarterial thrombolysis and the 
treatment of vasospasm. 

Endovascular treatment should be performed 
within an environment in which appropriate neu- 
rosurgical care can be instituted promptly A readily 
available neurosurgeon should be aware of the endo- 
vascular procedure prior its start and available to 
back up if necessary. A CT scanner should be readily 
available in the facility 

5.4.5.2.4 

Radiographic Equipment Standards for Endovascular 
Aneurysm Therapy 

The availability of a biplane angiography with digi- 
tal subtraction technique, a high resolution image 
intensifier and road-mapping fiuoroscopy capability 
is desirable for endovascular aneurysm therapy Spe- 
cifically in difficult anatomic locations the capability 
of 3D angiographic techniques (either CTA or DSA) 
can be extremely helpful. 

5.4.5.2.5 

Peri- and Postprocedural Care 

The role of anaesthesia in interventional neuroradiol- 
ogy consists in providing patient comfort by analge- 
sia and sedation, adequate monitoring, maintenance 
of vital functions and (if required) the management 
of systemic heparinization. The patient's underlying 
condition, the duration and the kind of intervention 
have to be considered to decide on the anaesthetic 
management (Luginbuhl and Remonda 1999). 

Embolization of intracranial aneurysms is per- 
formed with the patient in general anaesthesia at 



most centres. Although such an approach does not 
allow intraprocedural evaluation of the patient's 
neurological status and carries additional risks 
associated with general anaesthesia and mechanical 
ventilation (Phuong et al. 2002) we clearly prefer it 
during all endovascular procedures occluding intra- 
cranial aneurysms. 

A British group recently published that GDC occlu- 
sion of an intracranial aneurysm can be performed in 
a safe manner with the patient awake (Qureshi et al. 
2001). However, if aneurysm rupture occurs during 
treatment it is quite difficult to continue emboliza- 
tion if the patient is under local anaesthesia alone. 

In order to minimize thromboembolic complica- 
tions we recommend the administration of heparin, 
which we routinely start in ruptured aneurysms after 
insertion of the first coil. In unruptured aneurysms 
heparinization is started after insertion of the femo- 
ral sheath. The value of the activated clotting time 
(ACT) should be between 250 and 300 s and this level 
should be maintained for about 24-48 h postproce- 
dure. Every patient receives aspirin (100 mg/d) for at 
least 3 months. If the patient was in good condition 
before the treatment or had an unruptured aneu- 
rysm he should be extubated in the angiosuite. This 
is specifically important after treatment of MCA and 
basilar tip aneurysms: these are usually more dif- 
ficult to treat and carry a higher risk of thrombotic 
complications. 

After the procedure the patient should be super- 
vised on an intensive care unit and must be moni- 
tored by an experienced neurovascular team in order 
to detect symptomatic vasospasms before occurrence 
of infarction. Monitoring (clinical status including 
transcranial Doppler sonography heart rate, blood 
pressure, p02, puncture site) should be done at least 
for 24 h in all patients with an unruptured aneurysms, 
in case of a recent bleeding monitoring is depending 
upon the clinical status and on the interval of the 
bleeding, but should at least continue for 7 days. The 
patient then could be transferred to a neurosurgical 
step-down unit, where continuous surveillance of 
vital parameters and a periodically examination by 
experienced nurses is performed. 

No endovascular procedure should be performed 
without an appropriate follow-up imaging protocol. 
In our institution, every patient gets a MR scan (MRI 
and MRA: TOE and contrast enhanced technique) 
within 3 days after the procedure. In cases of satis- 
fied occlusion rate (total or subtotal occlusion) the 
patient should be scheduled for a control DSA and 
MRA 6 months after the procedure. If there is a good 
correlation between DSA and MRA at this time point 
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follow-up could be done solely with MRA. We try to 
get follow-up imaging for at least 3 years. 

5.4.6 

Devices for Endovascular Aneurysm Therapy 

5.4.6.1 

Catheters and Delivery Systems 

Since 1960, when Luessenhopp et al. reported the 
first intravascular cerebral embolization of an AVM 
by injecting silastic beads into the arteries of the 
neck, endovascular treatment of brain diseases has 
been considerably refined. There has been improve- 
ment in fiuoroscopic equipment, angiographic 
techniques and progressive miniaturization of 
endovascular devices to permit increasingly more 
distal, so to say “superselective”, catheterization. 
The following section tries to give an overview of 
the different materials to be used in endovascular 
therapy of intracranial aneurysms. However, it is a 
subjective choice. We did not want to give a com- 
plete overview, this can be done by the companies. 
In addition, products change so fast that a book 
like this cannot be up-to-date. We simply picked a 
few examples and give some general comments. We 
were not paid by any company to either mention 
or not mention any particular products. In general, 
it depends on individual experiences what type of 
catheter, wire or coil you use. Having the latter in 
mind we decided to mention our first and second 
choice materials. A book is written by individuals 
and we do have individual opinions. Every reader, 
however, is welcome to comment on our recom- 
mendations. 

5.4.6. 1.1 

Guiding catheters 

Distal placement of the guiding catheter in the 
internal carotid or vertebral artery facilitates stable 
navigation of the microcatheter and subsequent 
coil placement. A soft tip with hydrophilic coating 
allows atraumatic distal catheterisation. A large 
inner lumen enables continuous fiushing and road 
mapping or angiograms during the procedure with- 
out a second guiding catheter in place. Continuous 
fiushing with heparinized saline through a hemo- 
static valve is essential to prevent retrograde fiow 
and clotting. 

In general, this is possible with 5- or 6-F guid- 
ing catheters, such as Envoy (Cordis), or FasGuide 



(Boston Scientific). In our institution, we prefer the 
Guider XF Soft Tip (Boston Scientific) because of its 
soft tip and the lower risk to damage the vessel wall. 

5.4.6. 1.2 
Microcatheters 

In general, there are two types of microcatheters 
available: wire-directed micro catheters of 0.010- to 
0.016-in. calibre, and fiow-guided microcatheters 
usually close to 0.010-in. Flow-guided micro catheters 
are mainly used for the treatment of AVMs to deliver 
liquid embolic agents or small particles. For endo- 
vascular aneurysm therapy wire-directed micro- 
catheters are mandatory. Their hydrophilic coating 
facilitates distal catheterizations. Microcatheters for 
aneurysm therapy usually have two markers at the 
distal end to allow alignment of the detachment zone 
of coils regardless of the type of detachment. 

We prefer to use a Tracker-Excel 14 (Boston Scien- 
tific) but a Tracker-18 and Tracker-10 are also suit- 
able to treat aneurysms. 

Steam shaping of the distal tip, individually 
formed according the neck, direction and size of the 
aneurysm to be catheterized might be helpful. Micro- 
catheters already preshaped (Prowler; Cordis Corp.) 
are also available, but do not have a major advantage 
per se. Shaping of a microcatheter should be part of 
the training of all neurointerventionalists. 

5.4.6. 1.3 
Microwires 

The ideal microwire is fiexible, soft, shapeable, 
with an atraumatic tip, easy to navigate, and has 
no or minimal friction. These qualities are diffi- 
cult to combine in one device. Neurointerventional 
microwires are of 0.014-0.016 in. caliber. Most of 
the available microwires have a hydrophilic coat- 
ing. In our institution, we prefer the Transend 0.014 
(Boston Scientific) combining most of these quali- 
ties. The Terumo wire 0.016 and 0.010 are of excel- 
lent torqueability, but have a very stiff preformed 
tip, that can easily injure the vessel wall or rupture 
the aneurysm sac. Therefore, we do not use them for 
aneurysm therapy any more. 

And - surprisingly enough - it is still possible to 
improve the quality of these simple wires. In those 
situations where we are really struggling with anat- 
omy and do not get access to the aneurysm, we switch 
to a wire called Synchro; this wire has a marvellous 
one-to-one torque and usually we can overcome the 
problem. 
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For intracranial stenting long exchange micro- 
wires (>300 cm) may be helpful. They vary consider- 
ably in stiffness. Most of the wires from cardiology 
are too stiff and therefore can not be recommended 
for intracranial use. Softer wires, like the ACS High 
Torque Traverse (Guidant), or the ChoICE (Boston 
Scientific) are better, but they still have the potential 
to perforate distal vessels. Recently, the Transend 
became available with a length of 300 cm and is now 
the standard wire at our institution for intracranial 
stent procedures. However, we are convinced that 
even the delay between writing the manuscript and 
availability of the book will give the companies 
enough time to further improve their products. 

5.4.7 

Embolic Materials for Endovascular Aneurysm 
Therapy 

In general, there are four different types of embolic 
materials available: balloons, particles, coils and 
liquids. 

5.4.7. 1 

Detachable Balloons 

Detachable balloons, initially developed by Ser- 
binenko for the selective treatment of aneurysms, 
now are mainly used for major vessel occlusion, 
such as the internal carotid or vertebral artery. The 
balloon is mounted at the distal end of a microcath- 
eter, then navigated in the targeted position and after 
filling with contrast material or a solidifying agent 
it is detached from the microcatheter. Balloons are 
available with self-sealing valves ensuring that the 
balloon remains infiated when the microcatheter is 
withdrawn. There are two types of balloons available: 
latex balloons and silicone balloons. 

Latex fiafioons: While latex is an essentially imperme- 
able membrane, silicone is semipermeable. They have 
a tendency to undergo spontaneous defiation within 
days or weeks. 

Silicone balloons: These have to be infiated with 
isomolar solutions. Silicone balloons have a higher 
expansion coefficient and are softer and less rigid 
than latex balloons. Under normal circumstances 
they do not defiate, unlike latex balloons, and do 
not induce a surrounding infiammatory reaction in 
adjacent tissue. Silicone balloons have a propensity 
for forward movement. Unfortunately, the so-called 



detachable silicone balloons (DSB) are not available 
any more. At this time it seems to be unlikely that 
they will be back on the market soon. 

5.4.7.2 

Nondetachable Balloons 

Various nondetachable balloons are available for tempo- 
rary vessel occlusion, angioplastyfor vasospasm therapy 
or remodelling techniques for broad based aneurysms. 
Larger vessels like the carotid or vertebral artery can 
be occluded with a double lumen balloon catheter, i.e. 
Meditech (Cook). For intracranial angioplasty smaller, 
more fiexible balloons, like the wire-directed Equinox 
(MTI) and Hyperglide (MTI), Commodore (Cordis), 
or Sentry (Boston Scientific), or the non-wire-directed 
Endaevor (Boston Scientific) are required. Addition- 
ally to these balloons the Hyperform (MTI) can be 
used for the remodelling technique. 

5.4.7.3 
Coils 

There is a great variety of different coils currently 
available. Stainless steel coils have been used for a 
long time for peripheral embolizations. Due to an 
attached Dacron fibre they are extremely throm- 
bogenic, facilitating even parent vessel occlusion. 
They might be increasingly used for this indication, 
if detachable balloons are really not available any 
more. However, for cerebral embolizations they are 
too stiff. Platinum coils are much softer than stainless 
steel coils. Meanwhile, there exist different types of 
CE marked detachable platinum coils provided from 
different companies. All of those are retrievable and 
are similar in the compound of the alloy, but they 
mainly differ in their technique to detach. The newest 
generation of coils have a coated surface in order to 
facilitate endothelial growth and real healing of the 
aneurysm entrance. 

Over the last several years, the number of coil 
sizes has been increased, multidimensional coils 
have become available, and, more recently, softer 
coils allowing safer initial coil placement have been 
introduced. 

They are available in different shapes, lengths and 
diameter for neurointerventional procedures. 

5.4.7.4 

Electrolytically Detachable Coils 

Guglielmi et al. (1991a,b) developed electrolytically 
detachable platinum coils (GDC) for endovascular 
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occlusion of aneurysms. The coil is attached to a stain- 
less steel delivery wire. This allows repositioning and 
selective placement of the coil within the aneurysm. 
The coil can be delivered through a micro catheter and 
is detached electrolytically by applying a 9V positive 
electric current to the patient. The current dissolves 
the non-insulated stainless steel junction located 
between the GDC and the insulated delivery wire. 
Using the new generation GDC detachment takes 
about 20-30 s. GDC has to be delivered through spe- 
cial microcatheters, which have a radiopaque marker 



located 3 cm from the distal tip of the micro catheter. 
For detachment of the GDC the radiopaque marker 
of the delivery wire of the coil has to be aligned to 
the proximal marker of the micro catheter. The GDC 
design combines the advantage of very soft, compli- 
ant platinum and retrievability resulting in markedly 
improved safety and efficacy. An improperly fitting 
coil can be removed, repositioned or replaced with 
another coil of different size, length or shape. There 
are several sizes of GDCs, ranging from 2-20 mm in 
coil diameter and 2-30 cm in length to fit the needs 




Fig. 5.4.8a-d. Acom aneurysm: angiogram before endovascular therapy, after placement of the first GDC (GDC 10: 6x15 3D) 
and after complete coil occlusion 
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of embolizing different aneurysms. GDCs exist in 
two thicknesses, 0.010 rather for small and acutely 
ruptured aneurysms and 0.015 for large and giant 
aneurysms. 

Recently, many new designs in coil configura- 
tion, shape, and material have become available by 
numerous vendors and have significantly increased 
the versatility of this device for aneurysm therapy. 
Bi- dimensional GDC (2D GDC), in which the first 

1.5 coil loop is of 75% smaller helical diameter, helps 
the following loops to stay within the aneurysm and 
avoids protruding into the parent artery. A three 
dimensional (3D)-shape GDC configuration has been 
developed in which the secondary structure consists 
of a series of omega-like loops. Due to its spherical 
shaped memory this 3D coil spontaneously forms a 
complex cage after deployment thereby serving as 
basket for subsequent coils. To be honest, we very 
rarely use this 3D type of coil. In the vast majority of 
patients, conventional 2D coils allow a complete and 
dense packing of an aneurysms. But again, this is our 
personal view and experience. 

5.4.7.5 

Hydrogel-Coils 

Hydrogel-coils (Micro Vention, Inc., Aliso Viejo, 
CA) consist of a carrier platinum coil coupled to 
an expandable hydrogel material, which undergoes 
a tremendous increase in volume when placed 
into a physiological environment with a certain 
pH value, e.g. blood. Compared to a non coated 
platinum coil 10, a fully expanded hydrogel coil 
14 of the same length will have seven times the 
volume. The hydrogel coils were designed to offer 
an enhanced ability to fill aneurysm cavities. Dis- 
tinct from previous devices aimed at speeding the 
organization of thrombus, the new device has been 
designed to entirely fill the aneurysm cavity, with 
complete or near-complete exclusion of thrombus. 
Unlike thrombus, the hydrogel material is stable 
and unaffected by natural thrombolytic processes 
and thus may reduce observed rates of aneurysm 
recanalization (Kallmes and Fujiwara 2002). In 
our own small series aneurysm treatment with 
hydrogel coils was extremely promising. Compli- 
cation rate was not higher than usual, but so far 
no published data exist in patients treated with 
hydrogel coils. Long-term observations need to 
reveal if there is a real benefit over bare platinum 
coils. Additionally, the detachment mechanism is 
different; it is not based on electrolysis, but mainly 
on hydraulic forces. 




18 Coil HydroCo// HydroCoiV 10 Coil 
18 14 



Fig. 5.4.9. Different size of Hydrogel-coated coUs in compari- 
son with bare coils 



5.4.7.6 

Three-Dimensional Coils: TriSpan 

To support coil deposition of wide-necked aneurysms 
a new detachable device, the TriSpan (Boston Scientific, 
Fremont, USA) was designed and recently approved for 
clinical use in Europe. The TriSpan can be placed at the 
base of the aneurysm prior to coil embolization which is 
delivered through a second microcatheter. The TriSpan 
acts as a supporting structure and bridges the neck 
for subsequent coils. However, experience with this 
new device is limited mainly to broad-based basilar 
tip aneurysms. Further evaluation and especially long- 
term results are necessary to assess this new method. 

5.4.7.7 

Other Devices 

Stretch-resistant (SR) coils have a polypropylene 
thread through the primary helix, associated with 
greater strength of the coil. It provides more safety 
against damage if it needs to be withdrawn from 
the aneurysm. We strongly recommend using the 
stretch-resistant-type coils whenever possible or 
available. This technology really helps to protect 
patients and reduces the stress factor for the inter- 
ventionalist. 

Recently there has been growing interest in 
modifying platinum coils by coating the surface 
with extracellular matrix proteins, non-biodegrad- 
able polymers, fibroblasts, and vascular endothelial 
growth factors. Experimental studies indicate that 
these modifications might promote endothelializa- 
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Fig. 5.4.10a-c. A 39-year-old male, SAH 2 years previously, 
second recurrent aneurysm after embolization with bare coils 
(a) after hydrogel-coU-embolization (b), and 6-month FU with 
a stable result (c) 



tion, clot organization, and tissue integration of the 
coils and thereby may lead to improved aneurysm 
occlusion and outcome (Abrahams et al. 2000, 
2001a,b; Dawson et al. 1995; Kallmes et al. 1998; 
Murayama et al. 1997,2001). 

S.4.7.8 

Stents 

The idea of using an intravascular stent followed by 
trans-stent placement of coils may provide another 
treatment option in patients with a wide-necked aneu- 
rysm in which direct surgical clipping or conventional 
endovascular therapy would be difficult or impossible, 
and in whom parent artery occlusion is not a viable 
option (Byrne et al.2000; Lanzino 1999b; Horowitz 
et al. 2001; Lownie et al. 2000; Lylyk et al. 2001). 



Stents are deployed either by balloon expansion 
or release of a self- expanding nitinol or steel stent 
from a constraining sheath. Up to now stents used 
for intracranial treatment, usually coronary stents 
(covering size ranges up to 4 mm), are balloon 
expandable stents bearing the risk of damaging a 
dysplastic aneurysm bearing segment of the artery 
with eventual rupture of the vessel. In addition, the 
large profile and relative stiffness of these stent 
delivery systems limit the locations that are able to 
be accessed and increase the risk of vessel dissec- 
tion. 

In summary, the balloon expandable stents were 
not a real treatment option. Complication rates 
were too high and in the majority of patients it was 
impossible to obtain access to the intracranial target 
vessel. 
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5.4.7.9 

Neurovascular Stent 

The Neuroform Stent (Boston Scientific, USA) is a new 
self-expanding microstent system designed specifi- 
cally for intracranial vessels. It consists of three parts; 
the self expanding microstent, which is supplied in a 
3-F delivery microcafheter, and a 2-F stabilizer. The 
stent comes preloaded in a 3-F delivery catheter and 
is currently available in diameters from 3.0 to 4.5 mm, 
in 0.5-mm increments, and in lengths of 15 mm and 
20 mm. In our experience in a stiU limited number of 
cases the stent revealed an excellent tractability and 
could be easily navigated even through very tortuous 
vessels. We did not observe permanent parent artery 
occlusion nor occlusion of perforating arteries which 
were covered by the stent (Wanke et al. 2003). In our 
experience with nearly 30 implanted stents of this 
type the self-expandable Neuroform is an enormous 
improvement in treating formerly endovascularly 
unbeatable aneurysms. Many broad -based aneurysms 
- most of them surgical candidates up to now - can be 
treated with this device. 

Future developments, such as covered or coated 
stents lining the neck of the aneurysm would effec- 
tively exclude the aneurysm from the circulation and 
might theoretically present a perfect cure for selected 
aneurysms. 

5.4.7.10 

Liquid Embolic Agents 

Liquid materials are commonly used for endovas- 
cular treatment of AVMs. Cyanoacrylate, the most 
common currently used liquid embolic material in 
brain AVMs, polymerises after contact with blood 
and becomes solid (Eskridge 1989). The use of 
liquid embolics for endovascular occlusion of cere- 
bral aneurysms is still limited to a small group of 
patients and there is only limited experience with 
that technique (Macdonald et al. 1998; Tokunaga 
et al. 1998). An important issue of this technique is the 
difficulty to prevent migration of the liquid adhesive 
into the parent artery. 

New liquid embolic agents, such as Onyx (MTI, 
Irvine, CA), are used in combination with protective 
devices, such as balloons, and/or stents. But so far we 
are convinced that liquids are only justified in those 
aneurysms than cannot be treated with any other 
methods because of the higher complication rate. 

Onyx (MTI, Irvine, CA) is a biocompatible polymer 
(ethylene-vinyl alcohol copolymer, EVOH) dissolved 
in its organic solvent dimethyl sulfoxide (DMSO). To 



obtain an appropriate radiopacity micronized tanta- 
lum powder is added. When this mixture contacts a 
liquid agent such as blood, DMSO rapidly diffuses 
away from the mixture, causing in situ precipitation 
and solidification of the polymer. The use of Onyx 
and DMSO requires dedicated micro catheters to 
prevent material incompatibility between the solvent 
and the hub plastics. In their experimental study, 
Murayama et al. (2000) demonstrated the technical 
feasibility of endovascular therapy using this liquid 
agent and different protective devices in porcine 
side-wall aneurysms. Currently, mainly large or 
giant ICA aneurysms are treated with this technique 
because this approach usually allows selective occlu- 
sion of the aneurysm with preservation of the parent 
artery. However, clinical studies are necessary before 
this technique becomes clinical routine. 

5.4.8 

Techniques of Endovascular Therapy 

Neurointerventional methods concerning aneurysm 
treatment are broadly classified as deconstructive or 
reconstructive procedures. We therefore distinguish 
two strategies to treat cerebral aneurysms via the 
endovascular approach: first, occlusion of the aneu- 
rysmal sac with embolic material preserving the 
parent artery, and second in otherwise untreatable 
aneurysms occlusion of the parent artery in order to 
exclude the aneurysm from the blood circulation. 

Endovascular therapy for intracranial aneurysms 
has evolved since Serbinenko pioneered emboliza- 
tion of the parent artery with latex balloons in the 
1970s (Serbinenko 1974a,b). Occlusion of the parent 
artery has become a therapeutic alternative espe- 
cially in patients with giant broad-based aneurysms 
of the internal carotid artery which are surgically 
inaccessible. The basic assumption for this treatment 
modality is that the patient will tolerate parent vessel 
occlusion without ischemic complications. Although 
there is no general consensus about the protocol 
to predict patient’s tolerance to permanent vessel 
occlusion, some authors recommend blood flow 
studies to decide which patient will tolerate acute 
balloon occlusion and who will need an extracranial- 
intracranial (EC-IC) bypass to avoid ischemic com- 
plications (Brunberg et al. 1994; Eckard et al. 1992; 
Fox et al. 1986; Linskey et al. 1994; Standard et al. 
1995; Yonas et al. 1992). Complex scenarios include 
balloon test occlusion with SEP monitoring, SPECT 
imaging before, during and after test occlusion, and 
different degrees of hypotension during test occlu- 
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sion. In our experience, a pretty simple test has a high 
predictive value: the compression test with injection 
into the contralateral ICA while the symptomatic 
ICA gets compressed. If the veins of the compressed 



side opacify not more than I s later than those of the 
injected site, anatomical preconditions for ICA occlu- 
sion are excellent. More important than the “devel- 
opment” of numerous test or pre-test procedures is 





Fig. 5.4.1 la-e. Giant internal carotid 
artery aneurysm in a 10-year-old boy 
presenting with visual disturbance of 
the right eye. a Conventional angiogra- 
phy. b T2-weighted MRI. c Endovascular 
occlusion of the right internal carotid 
artery with balloons was performed, 
d Injection in the left ICA demonstrates 
sufficient collateralization of the right 
hemisphere via the Acorn, e T I -weighted 
MRI, coronal plane: before therapy and 
at 6-month follow-up demonstrating 
complete retraction of the aneurysm 
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probably how to take care for the patient after the 
procedure. Our strategy is to keep the patient recum- 
bent and elevate his head by 30°/day. Blood pressure 
should be a little bit above the normal level. After 
the third day the patient is allowed to sit on the bed, 
on day 4 he can walk with assistance. In case of any 
problems during the first walk around, the period of 
laying down should be prolonged. 

In experienced hands occlusion of the parent 
artery has proved to be safe, convenient and effec- 
tive. Vessel occlusion could be done either with a 
detachable balloon or detachable coils positioned 
proximal to the aneurysm. Some authors recom- 
mend lesion trapping in order to prevent retrograde 
filling of the aneurysm (Berenstein et al. 1984; 
Debrun et al. 1981; Fox et al. 1987; Hieshima et al. 
1981; Higashida et al. 1989, 1991; Kupersmith et al. 
1984; Larson et al. 1995; Nelson 1998; Pasqualin 
et al. 1988; Serbinenko 1974a,b; Tan et al. 1986; van 
Rooij et al. 2000). 

In order to reconstruct an aneurysm bearing 
vessel there exist different techniques nowadays. In 
the past aneurysmal sac occlusion with a detach- 
able balloon was performed but this is now clearly 
obsolete. Although it is technically feasible there is 
no detachable balloon with different configurations 
which could be navigated over a microwire in order to 
access the aneurysm lumen in an arbitrarily manner. 
In addition, the relative high risk of complications 
- mainly due to thromboembolic events as well as 
aneurysm rupture during or after the procedure - 
with a high procedure-related mortality (reported up 
to 18%) as well as the fact that the balloon would not 
keep its configuration over time necessitated a more 
sophisticated endovascular technique for aneurysm 
embolization (Debrun et al. 1981; Higashida et al. 
1989,1990,1991). 

In the last 10 years, improvement in the develop- 
ment of flexible microcatheters which can navigate 
through cerebral vessels to lesions deep within 
the brain has allowed the treatment of an increas- 
ing range of intracranial aneurysms. The focus of 
modern endovascular therapy has shifted to the use 
of detachable platinum coils. In 1991, the first detach- 
able platinum coil was introduced for treatment of 
cerebral aneurysms - the so-called Guglielmi detach- 
able coil (GDC) developed by Target Therapeutics, 
CA, USA. Through a guiding catheter (e.g. 5 F, 6 F) 
a microcathether (2.3 F) is coaxially advanced into 
the cerebral vasculature and over a soft microwire it 
can be navigated into the aneurysm lumen, optimal 
placed in the aneurysm centre in a stable position. To 
ease the access into the aneurysm the microcatheter 



can be preshaped over steam but is also available in a 
preshaped configuration with different angles. There- 
fore, it is very important that neither the catheter nor 
the wire will contact the aneurysm wall too strongly in 
order to avoid aneurysm rupture. The interventional- 
ist should be always aware of possible movements 
of the catheter while manipulating with the wire or 
with the coil. After gently and slowly removing the 
microwire the first platinum coil is delivered through 
the microcatheter. Pioneering in the development was 
that these coils are retrievable until the operator is sat- 
isfied with placement and then could be detached. The 
diameter of the first coil should be chosen according 
to the aneurysm diameter. The size of the following 
coils is usually the same of the first coil or smaller to 
densely pack the centre of the aneurysm. Introduction 
of coils should be continued until no more coils can be 
deployed into the aneurysm. The idea of this treatment 
is to fill the aneurysmal sack with coils and thrombus 
in order to exclude it from the blood circulation and 
thereby prevent bleeding. This technology is based 
on electrothrombosis and electrolytic detachment of 
platinum coils. Despite the extensive use of this treat- 
ment technique, the role of electrothrombosis has 
not been fully investigated and clarified. It is believed 
that the passage of electric current through the GDC 
induces attraction of blood constituents. This attrac- 
tion may trigger a thrombotic reaction on the surface 
of the coil. The greater the time of current application, 
the more pronounced the cellular reaction and depo- 
sition of fibrin and blood cells on the surface of the 
GDC (Padolecchia et al. 2001). 

Endosaccular embolization with platinum coils is 
performed in unruptured aneurysms and in patients 
acutely ill after subarachnoid haemorrhage. Usu- 
ally and specifically in patients in the acute stage of 
bleeding endovascular embolization is done under 
general anaesthesia (GA). We recommend intubat- 
ing all patients because in the case of a complication, 
e.g. aneurysm perforation, the patient's status could 
deteriorate suddenly and dramatically. 

A standard transfemoral approach is used like in 
diagnostic angiography. Endovascular embolization 
of cerebral aneurysms could be done without GA 
(Qureshi et al. 2001). But in order to better manage 
procedure-related complications such as aneurysm 
perforation we recommended local anaesthesia only 
for those patients who clearly have an increased risk 
with GA. 

Although there are several advantages of coil 
embolization over surgery, there is a disadvantage of 
endovascular treatment. Due to coil compaction and 
residual inflow in initially incompletely obliterated 
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aneurysms there is a potential risk of recanalization 
with aneurysmal regrowth. In particular, the geom- 
etry of wide-necked aneurysms is less favourable for 
obtaining maximal coil packing (Tong et al. 2000). In 
cases of an unfavourable dome to neck ratio endovas- 
cular treatment can be feasible and sometimes more 
effective by simultaneous temporary balloon protec- 
tion. Hereby, a microcatheter-mounted nondetach- 
able balloon provides a temporary barrier across the 
aneurysmal neck while introducing the coils into the 
aneurysmal sac. Reports in the literature have offered 
discussions of the feasibility, efficacy, and safety of bal- 
loon-assisted coil placement in wide-necked intracra- 
nial aneurysms which was first described by J. Moret in 
1997 as the “remodelling technique”. The use of simul- 
taneous temporary balloon protection may allow more 
dense intra-aneurysmal coil packing, especially at the 
neck, without parent artery compromise than did the 
use of Guglielmi detachable coils alone (Aletich et al. 
2000; Malek et al. 2000; Mericle et al. 1997; Moret 
et al. 1997; Nelson and Levy 2001). Despite enormous 
advances in the development of flexible microcath- 
eters, coil configurations, and embolic materials and 
use of remodelling technique, wide-necked aneurysms 
still remain a therapeutic challenge. The geometry of 
wide neck aneurysms sometimes makes it impossible 
to treat the aneurysm via the endovascular route or at 
least reduces the possibility of obtaining satisfactory 
coil packing. However, incomplete occlusion carries 
the risk of aneurysm recanalization, regrowfh and 
rerupture (Byrne et al. 1999; Cognard et al. 1999). 
With the recent development and refinement of 
endovascular stents, the significant potential for these 
devices in the treatment of wide-necked and fusiform 
aneurysms has become apparent. 

The technique of using an intravascular stent to 
create a bridging scaffold followed by endovascular 
placement of coils through the interstices of the 
stent into a wide-necked or fusiform aneurysm has 
been described in experimental studies (Byrne et 
al. 2000; Massoud et al. 1995; Szikora et al. 1994) 
and in humans (Higashida et al. 1997; Horowitz 
et al. 2001; Lanzino et al. 1999; Lownie et al. 2000; 
Lylyk et al. 1998, 2001; Mericle et al. 1998; Sekhon 
et al. 1998; Weber et al. 2000).It may provide another 
treatment option for patients who present with a 
wide-necked aneurysm in which direct surgical clip- 
ping or conventional endovascular therapy would be 
difficult or impossible, and in whom parent artery 
occlusion is not a viable option. As described before, 
new flexible and self expanding stents are available 
now and create the next shift from surgery towards 
endovascular therapy. 



5.4.9 

Anatomic Considerations for Endovascular 
Aneurysm Therapy 

Usually, there is not only one way to treat an aneu- 
rysm. The right treatment depends on the skill and 
experience of the team and may differ from our re- 
commendations. We mainly report our way of treat- 
ing different aneurysms, but do not think that it can 
not be done in another way. 

5.4.9. 1 

Internal Carotid Artery 

Aneurysms of the internal carotid artery account 
for about 30%-40% of all intracranial aneurysms. 
Therefore, the ICA is the most frequent aneurysm 
bearing artery. In descending frequency ICA aneu- 
rysms do occur at the following sites: posterior 
communicating artery (52%), termination of ICA 
(20%), paraophthalmic segment (13%), cavernous 
ICA (10%), anterior choroidal artery (5%). 

Due to the surgical inaccessibility the endo- 
vascular approach is the therapeutic modality of 
choice in proximal symptomatic aneurysms. Carotid 
artery occlusion is usually the therapeutic modality 
of choice in giant symptomatic wide-necked ICA 
aneurysms. This leads to subsequent thrombosis and 
regression of the aneurysmal sac. Ideally, ICA occlu- 
sion is performed distal and proximal to the aneu- 
rysm origin in order to prevent retrograde filling 
of the ICA with subsequent filling of the aneurysm 
(see section parent artery occlusion). However, the 
proximal and distal occlusion is more important in 
patients with CCF. If the passage of the aneurysm is 
not possible - due to elongation of the ICA itself or 
the giant nature of the aneurysm - proximal occlu- 
sion is usually enough and should be performed. 

5.4.9.1.1 

Cavernous ICA/Paraclinoid/Paraophthalmic 

Aneurysms related to the carotid artery in the region 
of the anterior clinoid process, the so-called “para- 
clinoid” aneurysms are often in association with the 
ophthalmic artery. They may originate in the cavern- 
ous sinus and extend into the subarachnoid space, 
carrying the risk of subarachnoid hemorrhage, even 
if the origin of the aneurysm is clearly extradural. 

Frequently presenting symptoms of aneurysms 
located within or around the cavernous sinus and the 
paraophthalmic region are visual deficits or cranial 
nerve palsies since the cavernous sinus harbours cranial 
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Fig. 5.4.12a, b. Before and after GDC treatment of a paraophthalmic ICA aneurysm 





Fig. 5.4.13. a Cavern- 
ous ICA aneurysm, b, 
c After balloon test 
occlusion the parent 
artery was occluded 
with platinum coils, 
d Although cross 
filling via the Acorn is 
flimsy the patient had 
no neurologic deficit 
after the intervention 
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nerves III, IV, V, and VI. Retroorbital pain due to venous 
congestion and visual field limitations due to compres- 
sion of the optic nerve or chiasm may also occur. If 
aneurysms of the intracavernous portion of the carotid 
artery rupture they cause a carotid- cavernous fistula 
rather than bleeding into the subarachnoid space. 

Sufficient radiologic evaluation with delineation 
of the extent and location of the aneurysm in rela- 
tion to the subarachnoid space is extremely impor- 
tant to decide whether or not to treat an aneurysm 
in this location. For surgical planning it is important 
to visualize the relationship of the aneurysm to the 
anterior clinoid process which can be best achieved 
by CT angiography. 

In general, treatment of this entity is controversial. 
Since the mortality rate from untreated cavernous 



aneurysms is low, treatment in asymptomatic patients 
should be reserved for those aneurysms extending 
into the subarachnoid space, because this is associated 
with a risk of subarachnoid hemorrhage, and those 
who demonstrate aneurysm enlargement (Linskey et 
al. 1990). Treatment in symptomatic patients should be 
reserved for those with progressive ophthalmoplegia 
or visual loss, ipsilateral facial or orbital pain, epistaxis 
or S AH. Treatment of these symptomatic aneurysms is 
aimed to eliminate mass effect and to cure symptoms. 
Eliminating the aneurysm also protects the patient 
from risk of subarachnoid hemorrhage. Treatment of 
choice is the endovascular approach since surgery is 
accompanied by significant morbidity and mortality, 
and those aneurysms involving the cavernous sinus 
are usually regarded as not surgically accessible. 




Fig. 5.4.14. a, b Con- 
ventional angiogra- 
phy, ap and lateral 
view, of the internal 
carotid artery: CCF 
due to a ruptured cav- 
ernous aneurysm (c) 
before and (d) after 
selective treatment 
of the aneurysm in 
a patient with acute 
ophthalmoplegia 
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With endovascular treatment rapidly undergoing 
major developments, the treatment of carotid artery 
aneurysms have improved significantly in recent 
years. The primary aim is selective occlusion of the 
aneurysm with preservation of the parent artery. 
However, many aneurysms located at the paraoph- 
thalmic region have an unfavourable aneurysm 
geometry with a wide neck. Additionally, they may 
be large, partially thrombosed or calcified. 

Thornton et al. reviewed 66 patients with 71 rup- 
tured and unruptured paraclinoid aneurysms (distal 
to the cavernous segment of the internal carotid 
artery and proximal to the posterior communicating 
artery) treated by an endovascular approach. GDC 
coiling was performed in 78 aneurysms (includ- 
ing 45 with the remodelling technique), permanent 
balloon occlusion in 9, and 3 had both GDC coiling 



Fig. 5.4.1 5a-d. Giant partially thrombosed paraophthalmic 
ICA aneurysm with some calcification at the ventral rim 




and permanent balloon occlusion. In ten aneurysms 
it was not possible to place coils in the lumen of the 
aneurysm, five of these were treated surgically and 
5 remain untreated. All patients had immediate post 
procedure angiography. In 90 procedures performed, 
2 (2.2%) patients had major permanent deficits (I 
monocular blindness, 1 hemiparesis), 1 (1.1%) had a 
minor visual field deficit, and 2 (2.2%) patients died 
from major embolic events. Follow up 6 months after 
treatment showed more than 95% occlusion in 52/61 
(85.2%) and less than 95% occlusion in 9/61 (14.8%). 
The authors concluded that properly selected para- 
clinoid aneurysms can be successfully treated by 
endovascular technology with a morbidity and 
mortality rate equal to or better than the published 
surgical series of similar aneurysms (Thornton et 
al. 2000a). 
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Despite these advances, occlusion of the parent 
artery is sometimes necessary because of the wide 
aneurysm neck. Balloon occlusion of the ICA is a 
reliable treatment for intracavernous giant aneu- 
rysms. In a series of 58 patients, Larson et al. 
(1995) reported a morbidity rate of 10% caused by 
transient cerebral ischemia, a permanent ischemic 
morbidity rate of 5%, and mortality rate of 5%. 
The authors reported a good resolution of cranial 
nerve deficits and visual impairment. For preocclu- 
sion work-up prior definite occlusion of the carotid 
artery balloon test occlusion should be performed 
to assess if occlusion is tolerated. In a series of 500 
temporary balloon occlusions of the ICA, Mathis 
et al. (1995) described a complication rate of 1.6% 
asymptomatic, and 1.2% transient and 0.4% per- 
manent ischemic complications. During temporary 
balloon occlusion, it is of crucial importance to 
evaluate cross-filling from the other side and simul- 
taneous venous drainage. There is an increased risk 
for delayed ipsilateral ischemic deficits after ICA 
occlusion for treatment of aneurysms (Larson et 
al. 1995; Linskey et al. 1994). Ischemia associated 
with ICA occlusion may be secondary to thrombo- 
embolic events rather than decreased blood flow 
in the ICA distribution. In our opinion, prolonged 
heparinization for 72 h starting during treatment 
should therefore be performed. 

Proximal ICA occlusion alone will cure the aneu- 
rysm in most cases, except those that have collateral 
inflow from cavernous or petrous branches of the 
ICA keeping the aneurysm open. The incidence of 
de novo aneurysm formation was reported from 
1.4%-4% after carotid ligation. A direct relation 
between hemodynamic stress and the development 
of aneurysms at the anterior communicating artery 
has been suggested by several authors (Timperman 
et al. 1995). Therefore, a close long term follow-up, 
preferentially using non-invasive MRA to detect a 
possible development of an aneurysm at the Acorn 
region should be done in these patients. In patients 
with bilateral aneurysms of the internal carotid 
artery, carotid occlusion on one side should be 
performed with caution since this might stress the 
contralateral aneurysm leading to potentially cata- 
strophic results. 



Fig. 5.4.16. a-c Small broad-based paraophthalmic aneurysm 
treated with remodelling technique, previously coiled Acorn 
aneurysm 
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Fig. 5.4.17. a, b Large paraophthalmic broad-based ICA aneurysm extending cranially superior to the clinoid process with partial 
calcification, c “Evacuation trapping technique” during clipping was performed after transient balloon occlusion of the left internal 
carotid artery 



5.4.9. 1.2 

Supraclinoid/Intracranial Carotid Bifurcation 

The majority of posterior communicating artery 
(Pcom) aneurysms arise from the ICA at the origin of 
the Pcom. True Pcom aneurysms are rare and might 
be more difficult to catheterize. In about 30%-40% 
of Pcom aneurysms are associated with third nerve 
cranial palsy with or without subarachnoid hemor- 
rhage (Birchall et al. 1999; Perneczky and Czech 
1984). From a surgical point of view the approach to 
these aneurysms is not too difficult. However, many 
of them have a small neck and are good candidates 
for endovascular therapy. In our experience, those 
aneurysms arising from the posterior wall of the ICA 
might be slightly different compared to other intracra- 
nial aneurysms. They might have a higher tendency of 
recanalization than generally expected from a side wall 
aneurysm and some of them are more fragile and have 
a tendency not only to rupture at the dome, but also to 
pop out of the ICA wall. The latter situation is extremely 
difficult to handle and usually ends up with a parent 
vessel occlusion of the ICA. 

Aneurysms of the intracranial carotid bifurcation 
usually arise at the apex of the T-shaped bifurcation and 
the majority of them points upward and towards the 
anterior perforated substance. Due to the perforating 
branches at this site clipping of these aneurysms is asso- 
ciated with a substantial risk of ischemic infarctions. 
The endovascular approach is usually easy from a tech- 
nical point of view (like in basilar tip aneurysms). Even 
if these aneurysms look broad based coiling is usually 
possible without the aid of remodelling or stenting. 




b 



Fig. 5.4.1 8a,b. 

Conventional 
angiography, 
before and 
after coil treat- 
ment of a distal 
ICA aneurysm 
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Fig. 5.4.19a-c. Typical intracranial carotid bifurcation aneurysm. MRA 
6 month after embolization revealed stable occlusion 



S.4.9.2 

Anterior Cerebral Artery 

S.4.9.2. 1 

Anterior Communicating Artery 

The rupture of an aneurysm at the anterior communi- 
cating artery (Acorn) is responsible for approximately 
40% of subarachnoid hemorrhages (Kassell et al. 
1990a, b). Treatment of these aneurysms is thus a fre- 
quent situation and of great importance. In the past, 
Acorn aneurysms were treated nearly exclusively by 



surgical clipping, using either a pterional or interhemi- 
spheric approach. With the increasing use of endo- 
vascular techniques Acorn aneurysms are frequently 
treated by coil embolization and in some institutions 
itis already the first-line treatment. Moret et al. (1996) 
reported their results on 251 berry aneurysms treated 
by detachable coils, of which 36 were located at the 
Acorn and treated with GDC. There were 23 aneu- 
rysms which were completely and six were partially 
occluded. In three cases, no endovascular treatment 
was attempted because the aneurysmal neck was not 
clearly distinct from the adjacent, or parent vessels. In 
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four cases, treatment failed because of atheroma of the 
cervical and intracranial vessels. The authors reported 
one permanent neurologic complication, two patients 
died as a result of complications of subarachnoid 
haemorrhage. In summary, the authors concluded 
that endovascular treatment using GDC is an efficient 
technique for treating anterior communicating artery 
aneurysms even in the acute phase of SAH (Moret et 
al. 1996). This is in accordance with our own results, 
demonstrating that GDC treatment of ruptured Acorn 
aneurysms is effective and can be performed with 



acceptable mortality and morbidity, also during the 
vulnerable period of vasospasms. 

Remodelling seems to be feasible for wide-necked 
aneurysms of the Acorn (Levy 1997), but is not 
routine at this location. In our experience recanali- 
zation of these aneurysms is usually not a problem 
in downward looking aneurysms. Those aneurysms 
looking upward indeed have a higher tendency of 
recanalization even after initial complete occlusion. 
Follow-up is therefore of utmost importance in the 
latter group. 





Fig. 5.4.20a,b. Small Acorn aneurysm; (a) before and (b) after endovascular embolization 




Fig. 5.4.2 la,b. Medium sized Acorn aneurysm: (a) before and (b) after endovascular treatment; the parent 
artery is still open 
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Fig. 5.4.22a-c. Before and after complete coil emboli- 
zation of an Acorn aneurysm. Note, the simultaneous 
bilateral carotid injection demonstrating patency of 
the Acorn 




Fig. 5.4.23a, b. Before and after complete coil embolization of a multilobulated Acorn aneurysm 
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Fig. 5.4.24a-c. Conventional angiography before 
treatment revealed severe vasospasm of the ACA, 
despite the spasm endosaccular treatment with 
complete obliteration of the Acorn aneurysm was 
performed and vasospasmolysis after treatment 
resulting in almost complete regression of spasm 
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S.4.9.2.2 

Distal Anterior Cerebral Artery/Pericallosal Artery 

Distal anterior cerebral artery aneurysms are rare, 
accounting for about 4.5% of all intracranial aneu- 
rysms (Inci et al. 1998), and usually arise at the 
bifurcation of the pericallosal and callosomarginal 
arteries. SAH due to rupture of a distal anterior 
cerebral artery aneurysms is frequently associated 
with ICH in and/or along the corpus callosum and 
anterior interhemispheric fissure and subsequent 
intraventricular hemorrhage. 

Pericallosal aneurysms frequently have a broad 
base or absent neck associated with a small diameter 
of the parent vessel. In some cases the pericallosal 
artery arises out of the aneurysm sac. This anatomic 
feature is difficult for both surgery and endovascular 
therapy. Due to the particular anatomy of pericallosal 
aneurysms surgical approach is different from those 
of other anterior circulation aneurysms and precise 
neck clipping might be difficult even for an experi- 
enced surgeon. Using the frontal interhemispheric 
route, which is the usual approach for most surgeons, 
the pericallosal aneurysm neck is exposed after the 
fundus, which might become a delicate procedure 
and is frequently associated with intraoperative 
aneurysm rupture (Proust et al. 1997). Addition- 
ally, there might be difficulties in clip application due 
to the small space of the pericallosal cistern, dense 
adhesions between the cingulate gyri, difficulty in 
controlling the parent artery, and the association of 
vascular anomalies (Inci et al. 1998). 

Proust et al. (1997) reported the results of a ret- 
rospective multicenter study in 43 patients with 50 
distal anterior cerebral artery aneurysms, with only 
two aneurysms treated endovascularly. In their series 
an 11.4% incidence of thrombosis was observed 
on postoperative control angiography, mainly in 
the distal pericallosal segment or callosomarginal 
artery, associated with a poor outcome. The authors 
reported a higher tendency of rebleeding in this loca- 
tion. This is in accordance with the results of Sindou 
et al. (1988) reporting a 16% rebleeding rate in their 
series. But, times are changing. Recently, Menovsky 
et al. (2002) reported on 12 patients with perical- 
losal aneurysms, all treated with the endovascular 
method. In all 12 patients, the pericallosal aneurysm 
could be reached with a microcatheter and platinum 
coils could be deployed. There were no procedure- 
related complications. Initial occlusion was complete 
in 11 aneurysms and near complete in 1 patient. The 
conclusion of the authors is that coiling of ruptured 
pericallosal aneurysms can be considered as an alter- 



native to surgical clipping. Increasingly improved 
results of endovascular therapy at different locations 
of the Circle of Willi are mainly based on increased 
skills of the interventionalist, but are also related 
to the continuous improvement of all parts of the 
material, allowing easier access to the aneurysm and 
denser packing with softer coils. 

In our opinion, the endovascular approach in peri- 
callosal artery aneurysms is often feasible. 




Fig. 5.4.25a,b. Multilobulated aneurysm of the pericallosal 
artery; because of an associated intraparenchymal hematoma 
surgery was performed 
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Fig. 5.4.26a, b. Before and after endovascular treatment of a small aneurysm of the pericallosal artery 





Fig. 5.4.27a-c. Before and after endovascular treat- 
ment of a small aneurysm of the pericallosal artery; 
aneurysmography revealed a very close relationship 
of the aneurysm and the callosomarginal artery 
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S.4.9.3 

Middle Cerebral Artery 

MCA aneurysms are often small and wide necked, 
and often incorporate neighbouring arterial 
branches in the aneurysm base. Additionally, they 
are frequently associated with multiple intracranial 
aneurysms (“mirror aneurysms”). Due to the local 
anatomy and neck configuration MCA aneurysms 
need particular consideration. For aneurysms with 
a very wide neck or difficult geometry surgery is 
still the therapy of choice. If a space-occupying 
hematoma is present, immediate evacuation of the 
hematoma is mandatory, in combination with clip- 
ping of the aneurysm (van Gijn and van Dongen 
1982). Regli et al. (1999) recommend not to attempt 
coil embolization in MCA aneurysms since in their 
study of 35 consecutive patients harbouring 40 
unruptured MCA aneurysms, only 6% could be 
successfully embolized with coils whereas 94% (32/ 
34) of patients had to be clipped. The two major 
angioanatomic features responsible for the failure 
of endovascular treatment were an unfavourable 
dome-to-neck ratio of less than 1.5, and/or arterial 
branching from the aneurysm base. 

Compared to other aneurysm locations, the risk 
of thromboembolic complications or local compres- 
sion of surrounding neighbouring vessels seems 
to be increased. We also made the experience that 
endovascular treatment in this location is more often 
associated with complications such as thrombus 
formation at or near the base of the aneurysm. How- 
ever, we could not confirm the results of the above 
mentioned study. Regarding feasibility we were able 
to treat almost 90% of MCA aneurysms and the clini- 
cal outcome of our consecutive series of 39 patients 
with 41 ruptured and unruptured aneurysms at the 
middle cerebral artery encountered only 2.6% with 
a permanent neurologic deficit due to the procedure. 
Although the total rate of complications including 
vessel occlusion, coil protrusion and groin hema- 
toma was higher, this number of 2.6% reflects a very 
low procedural permanent morbidity. Therefore, we 
think after appropriate patient selection endovascu- 
lar therapy in these aneurysms might become more 
applicable as it is by now. Careful evaluation of the 
angioarchitecture using rotational 3D angiography, 
superselective angiography with the microcatheter 
(aneurysmography), or 3D helical CT angiography 
might be extremely helpful in the precise visualiza- 
tion of the aneurysm neck, shape and the size of the 
aneurysm, supporting further treatment decisions 
and planning. MRA can provide complementary 



information to DSA, such as intraaneurysmal throm- 
bus. Sometimes the endovascular attempt only with 
introducing the microcatheter and delivering a coil 
could reveal if coiling seems to be possible without 
an unusual high risk. In selected cases the remod- 
elling technique in broad based MCA bifurcation 
aneurysms can be very helpful; in many cases it is 
even not necessary to inflate the balloon; it may be 
enough to have just a second microcatheter at the 
aneurysm entrance to provide coils from migration 
into a parent branch. 

To prevent thromboembolic complications and 
compression of neighbouring arterial branches by 
coils, our “philosophy” for selected MCA aneurysms 
treated endovascularly is to wait longer (5-10 min) 
before detachment of the coils. In these aneurysms 
we prefer to rather underestimate the coil diameter 
than to choose a coil which is slightly greater than 
the maximum diameter of the aneurysm. In an 
unruptured aneurysm we administer aspirin intra- 
venously before application of the first coil and after 
introducing the microcatheter into the aneurysm. If 
there is at least subtotal occlusion, further aneurysm 
thrombosis is possible and was observed in some of 
our patients at follow up on DSA and MRA 6 months 
after coil embolization. 

However, Pierot et al. (1997) reported rebleeding 
in an only partially treated MCA aneurysm. General 
recommendation should imply dense packing for 
MCA aneurysms. In patients with loose coil packing 
follow up is essential like in any other locations, to 
see if there is growth of neck remnants or subsequent 
thrombosis during follow up. 

When unclippable or endovascularly untreatable 
aneurysms involve the Ml, M2, and M3 branches of 
the middle cerebral artery (MCA), bypass surgery 
can obviously be a therapeutic option in combination 
with parent artery occlusion (Drake and Peerless 
1997; Peerless et al. 1982). However, and this again 
is our experience, this is the exception. 

S.4.9.4 

Vertebrobasilar Arteries 

Aneurysms of the posterior circulation account for 
about 15% of all intracranial aneurysms saccular 
aneurysms and those of the basilar tip are the most 
frequent accounting for 5%-8% of all intracranial 
aneurysms. Ruptured aneurysms in the posterior cir- 
culation have a worse prognosis than patients with a 
ruptured aneurysm in another location (Schievink 
et al. 1995) and early rerupture occurs more often in 
this location. 
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Fig. 5.4.28a-d. Small broad-based ruptured MCA bifurcation aneurysm before and after endovascular embo- 
lization with a stable occlusion after 6 months 



Despite improvement in microsurgical therapy, 
clipping for posterior circulation aneurysms remains 
challenging. The main problems are the deep loca- 
tion, the presence of many eloquent structures 
around the sac and the neck as well as the restricted 
access to the aneurysm neck. Furthermore, SAH 
and cerebral edema increase the difficulties of the 
surgical approach much more than in any other loca- 
tion. Surgical complications specific for non-giant 
basilar bifurcation aneurysms are midbrain and/or 
thalamic infarctions from perforator injury or occlu- 
sion, intraoperative rupture, and frequent but nearly 
always transient cranial nerve paresis (Drake 1965; 
Horikoshi et al. 1999; Peerless et al. 1987, 1994; 
Rice et al. 1990). Another complication of surgery in 
this region is a major operative tear of the aneurysm 
or incomplete clipping of the aneurysm with the 



potential for rebleeding during closure or early in the 
postoperative period. 

With introduction of detachable platinum coils 
for endovascular obliteration of cerebral aneurysms 
a major shift towards this method is established now 
specifically for aneurysms located in the posterior cir- 
culation (Bavinzski et al. 1999; Lusseveld et al. 2002; 
Richling et al. 1995; Tateshima et al. 2000; Vallee 
et al. 2003). The early recognition and acceptance that 
coiling is clearly better than clipping in hind brain cir- 
culation aneurysms is the reason that these aneurysms 
are imderrepresented in the ISAT study (Molyneux et 
al. 2002). Almost exclusively aneurysms of the anterior 
circulation were involved, posterior circulation aneu- 
rysms, for which the endovascular approach is generally 
accepted as first-line treatment, made up only 2.7%. In 
most of the cases inclusion was thought to be unethical. 






206 



I. Wanke et al. 





Fig. 5.4.29a-c. Before and after GDC treatment of a left MCA 
aneurysm, note the slight persistent inflow in the centre of 
the aneurysm b immediately after embolization; c 6-month 
follow-up demonstrated complete occlusion without any 
residual inflow 



5.4.9.4.1 

Tip of the Basilar Artery 

Aneurysms of the basilar tip remain an extreme 
surgical challenge, both in terms of technical dif- 
ficulties associated with the access and the sig- 
nificant postoperative morbidity and mortality 
rates reported by experienced centres following 
direct clipping. Clear results about morbidity and 
mortality rates in patients surgically clipped for an 
unruptured aneurysm gives the meta-analysis of 
Raaymakers et al. (1998). This analysis included 
61 studies with a total of 2460 patients with at least 
2568 unruptured aneurysms. Only 158 patients 
had a postoperative angiogram which revealed a 
residual aneurysm in 7%. Although the proportion 
of aneurysms in the posterior circulation of about 



30% was somewhat high the study revealed a mor- 
tality and morbidity rate for non-giant aneurysms 
of 3% and 12.9%, respectively. The results for giant 
aneurysms in the same location were much worse 
with a morbidity and mortality of 37.9% and 9.6%, 
respectively. 

In contrast to the surgical approach, the endovas- 
cular approach is relatively easy (unless the patient 
has severe arteriosclerotic disease with increased 
vessel elongation and stenosis). However, the access 
to the basilar tip plays a minor role in most cases. The 
main technical challenge of the endovascular proce- 
dure depends on the shape of the aneurysm and not 
on its location. But since the introduction of a very 
flexible neurostent and the development of different 
coil designs most of the basilar tip aneurysms are 
now treatable with the endovascular approach. This 
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Fig. 5.4.30a-f. Angiography: before and after incomplete coil embolization of an unruptured left MCA aneurysm. 
Due to progressive thrombosis out of the aneurysm gradual MCA occlusion developed 4.5 h after the intervention. 
The vessel could be reopened by selective intraarterial thrombolysis using urokinase (1,000,000 lU). Although a 
small basal ganglia infarction was induced the patient had a good recovery with only mild deficits 
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Fig. 5.4.3 la, b. Before and after endovascular treatment of a non-ruptured basilar tip aneurysm 



b 








b 



Fig. 5.4.32a, b. Before and after endovascular treatment of a broad-based ruptured basilar tip aneurysm 



is also true for broad-based aneurysms which may 
encroach one or both PI segments. 

Bavinzski et al. (1999) treated a series of ruptured 
(«=34) and unruptured (n=ll) basilar tip aneurysms 
and had a morbidity of 4.4% and a mortality of 2.2%. 
Even better results were obtained by the group with 
Tateshima (2000) who treated 73 patients with 75 



basilar tip aneurysms of which 42 patients had a 
SAH, eight presented with symptoms due to mass 
effect and 23 had an incidental finding. The proce- 
dure-related morbidity was 4.1% and mortality was 
1.4%. 

Because most single center reports on endovas- 
cular treatment of basilar tip aneurysms revealed an 



Intracranial Aneurysms 



209 
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Fig. 5.4.34a-c. Before and after endovascular treatment of a 
broad-based non-ruptured basilar tip aneurysm encroaching 
the PI segment on the left. A neurovascular stent (Neuroform) 
was placed from the left PI to the basilar artery before embo- 
lizing the aneurysm through the stent interstices 



extremely low morbidity and mortality rate which 
matches our own experience we do recommend 
endovascular treatment as the treatment of choice in 
ruptured or unruptured aneurysms in this location 
(Bavinzski et al. 1999; Birchall et al. 2001; Pierot 
et al. 1996; Richling et al. 1995; Tateshima et al. 
2000; Vallee et al. 2003). 



Fig. 5.4.33a, b. Before and after endovascular treat- 
ment of a small ruptured basilar tip aneurysm 
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Fig. 5.4.35. a, b Before and after stent application in combination with coil treatment in a broad-based basilar tip aneurysm 
encroaching the PI segment on the right side, c The stent was placed from the right PI segment to the basilar artery, d 7-Month 
FU showed further obliteration of the initially subtotal occluded aneurysm 



S.4.9.4.2 

Vertebral Aneurysms 

Aneurysms of the vertebral artery leading to S AH are 
located at the V4 segment. Dissecting aneurysms are 
more frequent in this location than non-dissecting 
berry aneurysms. Aneurysms are located proximal 
to the origin of the PICA, at the origin of the PICA 
(so-called PICA aneurysms) or slightly distal to the 
origin of the PICA. 

In patients with a dissecting aneurysm of the ver- 
tebral artery resulting in subarachnoid hemorrhage, 
either proximal occlusion or trapping of the lesion is 
commonly advocated to prevent subsequent rupture. If 



proximal occlusion alone is performed, retrograde flow 
from the contralateral vertebral artery into the distal 
vertebral artery might be maintained. This may retard 
thrombosis and organization of the dissected lumen, 
leading to the possibility of postoperative rebleeding. 

Fusiform aneurysms are usually considered due 
to atherosclerosis in adults. But, more common in the 
vertebrobasilar system, there is a subset of cerebral 
aneurysms with fusiform morphology, apparently 
unrelated to cerebral atherosclerosis or systemic con- 
nective tissue disease, thin-walled in part or whole, 
possibly containing thrombus (Findlay et al. 2002). 
These aneurysms can rupture or cause cranial nerve 
or brain stem compression. 
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Fig. 5.4.37a, b. Small vertebral 
aneurysm before and after 
endovascular treatment 
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Fig. 5.4.38. a Very small ruptured vertebral aneurysm, 
b, d Two microstents (INX, Medtronic) were placed in 
front of the aneurysm, c Immediately, contrast stasis 
in the aneurysm was noted. Repeated DSA 10 days 
and (e) 7 months after intervention revealed com- 
plete aneurysm obliteration 
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5. 4.9.5 

Rare Locations 
5.4.9.5.1 

Posterior Cerebral Artery 

Aneurysms of the posterior cerebral artery (PCA) are 
relatively rare compared with those in other locations. 
Extremely rare are singular berry aneurysms of the 
PCA. Often, this type of aneurysm is either associated 
with the incidence of multiple aneurysms or with other 
vascular disorders like arterious-venous-malforma- 
tions, moyamoya disease or ipsilateral internal carotid 
occlusion for various reasons. Other rare causes are 
infectious and posttraumatic conditions. Some authors 
figured out that the incidence of PCA aneurysms 
is approximately 1% of all intracranial aneurysms 
(CiCERi et al. 2001; Drake 1977; Sakata et al. 1993). 



Surgical treatment of these aneurysms is complex and 
often associated with high morbidity rates due to the 
close relationship to cranial nerves and the upper brain 
stem. A precise knowledge of the segmental anatomy of 
the PCA and its branches is essential when the surgical 
or endovascular approach to an aneurysm is planned, 
particularly if parent vessel occlusion is intended. In 
our opinion, the treatment of choice is selective endo- 
vascular obliteration of the aneurysm with preservation 
of the parent artery. In cases of fusiform aneurysms or 
wide-necked aneurysms occlusion of the parent artery 
might be necessary. Although no evaluation of poten- 
tially existing collaterals prior to endovascular treat- 
ment can be performed parent artery occlusion can be 
performed with a low incidence of visual field deficits. 
Nevertheless, one should be aware of the perforating 
arteries arising from the PI and P2 segment supplying 
the brain stem and thalamus. 





b 



Fig. 5.4.39a-c. Before, 6 months after and 1 year after 
endosaccular treatment of a proximal PCA aneurysm 
(PI segment), an additional small basilar stem aneu- 
rysm was not treated 
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Fig. 5.4.40. a, b DSA before and after endovascular treat- 
ment of a right distal PCA aneurysm, c At 15 min after 
selective parent artery occlusion there is still some residual 
aneurysm filling immediately after parent vessel occlusion. 
Control angiography (d, e) 3 days after vessel occlusion 
demonstrated complete aneurysm occlusion 
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5.4.9.S.2 

Posterior Inferior Cerebellar Artery 

In contrast to vertebral aneurysms located at the 
origin of the PICA, real PICA aneurysms are located 
either proximally or distally at the PICA itself. 

Endovascular therapy with preservation of the 
parent artery was thought to be very difficult in 



this location. Like in basilar tip aneurysms and 
brain stem aneurysms the access to aneurysms at 
the PICA is easy to perform and this is in contrast 
to the surgical approach. Although PICA aneurysms 
tend to be fusiform or at least broad based most of 
these aneurysms can be occluded sufficiently and 
often with preservation of the PICA via the endo- 
vascular route. 




r 





Fig. 5.4.41a-c. Before and after selective endosaccu- 
lar treatment of a PICA aneurysm with preservation 
of the parent artery, 7-month FU showed a stable 
obliteration 
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Fig. 5.4.42a-d. Before and after intended endovascular occlusion of a dysplastic PICA revealing at least four 
aneurysms. MRI: T2 images showed only a very small infarction in the PICA territory without causing clini- 
cal symptoms 



5.4.9.5.3 

Basilar Trunk Aneurysms 

Saccular aneurysms of the basilar trunk are rare 
lesions with an incidence of less than 1% of all 
intracranial aneurysms. Damage to the perforating 
arteries is one of the major complications during 
surgery. Given the high risk of surgery on basilar 
trunk aneurysms and the simple endovascular access 
endovascular therapy should be first line treatment 
option. Van Rooij and colleagues (2003) treated a 
consecutive series of eight patients with this type of 
aneurysm, only one was non-ruptured. All patients 
had a good outcome except one patient who died as 



a consequence of the SAH. Procedure-related compli- 
cations were not noted. As a consequence the authors 
do recommend treatment of aneurysms in this loca- 
tion via the endovascular route as first option. Uda 
et al. (2001) had the same conclusion. They treated 
41 basilar trunk aneurysms and had a morbidity 
and mortality rate of 2.6% each. The endovascular 
catheterization of these lesions is relatively simple, 
in contrast to the complex neurosurgical approaches. 
Obviously, obliteration of these aneurysms decreases 
the possibility of unwanted occlusion of perforating 
arteries to the brainstem and therefore prevents brain 
stem infarction. In case of a broad base or a very small 
size a stent to bridge the neck might be necessary. 
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Fig. 5.4.43a-c. Conventional angiography: (a, b) 
before and after stent placement in combination 
with platinum coils to treat two small proximal 
located hasilar stem aneurysms, (c) 6-month control 
angiography demonstrated complete obliteration of 
the two aneurysms, the distal markers of the stent 
are slightly seen {arrow) 



a 




b 



Fig. 5.4.44a, b. Con- 
ventional angiogra- 
phy: before and after 
selective obliteration 
of a basilar stem 
aneurysm located in 
the distal third of the 
vessel proximal to the 
origin of the superior 
cerebellar artery 
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5.4.10 

Special Considerations 
5.4.10.1 

Giant Aneurysms 

Giant aneurysms, defined as larger than 25 mm, are 
rare intracranial lesions with a prevalence of about 
5%-8% of aneurysms. Only one fourth to one third 
of giant aneurysms present with subarachnoid hemor- 
rhage. Presenting symptoms are usually due to mass 
effect (75%), intracerebral hemorrhage or thrombo- 
embolism. Thrombosis and stroke due to blood clot 
formation within the aneurysm and subsequent distant 
emboli, occur in 2%-5% of patients with giant aneu- 
rysms. Symptoms are related to the anatomic location, 
headache is also a frequent symptom. Typically, giant 
aneurysms in the anterior circulation are in vicinity of 
the optic pathway, associated with symptoms related to 
vision. Sixty percent of giant aneurysms occur at the 
internal carotid artery. The most common site is the 
cavernous part of the internal carotid artery. Approxi- 
mately 40% have calcifications in their walls that usu- 
ally make clipping difficult. These calcifications can 
easily be identified on CT, which should be part of the 
diagnostic work-up in all these giant aneurysms. An 
additional 10% occur at the anterior communicating 
artery region, 10% are located at the middle cerebral 
artery. Some 15% of giant aneurysms occur at the top 
of the basilar artery, and approximately 5% arise from 
the vertebral artery. 

Giant aneurysms are frequently (at least 60%) asso- 
ciated with either partial, or less common complete 
thrombosis. Recanalization of a completely thrombosed 
giant aneurysm has been also reported (Lee et al. 1999). 

Symptomatic giant aneurysms usually have a grim 
natural history and poor prognosis. 

There are several different strategies available to 
manage giant aneurysms. This is mainly due to the fact 
that no single technique is perfect in dealing with all 
giant aneurysms. Treatment options for giant lesions 
include surgical clipping, endovascular embolization, 
and combined approaches. Indirect surgical tech- 
niques include proximal occlusion and trapping of the 
aneurysm. Trapping and proximal ligation are usually 
definitive treatments provided that the patient's col- 
lateral circulation can tolerate major vessel occlusion. 
Depending on the location of the aneurysm, patients 
should have pre-operative evaluation with temporary 
balloon occlusion to test tolerance of trapping or prox- 
imal ligation. Major arterial branches leaving from the 
aneurysm dome can make proximal ligation the only 
therapeutic option. In some patients inadequate col- 



lateral circulation mandates the inclusion of an arterial 
bypass procedure in the therapeutic approach. This is 
specifically true for patients with giant aneurysms at 
the MCA bifurcation or the intracranial IGA. 

There seems to be a correlation between size and 
incidence of complications during surgery for unrup- 
tured intracranial aneurysms. Aneurysms larger than 
2.5 cm (giant aneurysm) in diameter have a 20-fold 
risk of significant surgical morbidity or poor outcome 
during surgical treatment. However, giant aneurysms 
are also not real good candidates for endovascular 
therapy, since they carry a high risk of recanalization 
and regrowth, due to the size of aneurysm, nature of 
coils and continuous flow-related stress on the aneu- 
rysm. Pre-existing thrombus within the aneurysm 
and coil migration into the thrombus may addition- 
ally facilitate coil compaction. Up to now it is totally 
unclear, whether combined techniques with stents and 
coils might overcome this problem of recanalization. 

Endovascular techniques also include parent vessel 
occlusion using balloons or coils. Proximal balloon 
occlusion is a useful and often used technique for giant 
internal carotid artery aneurysms. There are several 
advantages of intravascular balloon treatment over 
other treatment modalities. If an extradural aneurysm 
is excluded from circulation by placing the balloon 
across or proximal to the aneurysm neck, there is a very 
low probability of aneurysm filling by collateral circula- 
tion. The anatomical dead space is decreased, reducing 
the incidence of emboli potentially associated with 
IGA thrombosis. Additionally, there is thrombosis and 
shrinkage of the aneurysm and decrease of pulsatility. 
The mass effect is also gradually decreasing. 

Unfortunately, transient worsening of mass effect 
can happen shortly after endovascular therapy 
(Hecht et al. 1991). There maybe also a late increase 
in mass effect as reported by Blanc et al. (2001) after 
parent vessel occlusion of the internal carotid artery 
for a giant supraclinoid aneurysm in a 47-year-old 
woman, who became hemiparetic and dysphasic 
8 days after treatment. It has been shown experi- 
mentally that a thrombosed aneurysm may swell 
up to 15%, specifically if located at the basilar tip. In 
experimental aneurysms extensive neovascularity 
was observed within the first week after coil embo- 
lization. Increased capillary permeability of these 
neovessels within the evolving thrombus likely pro- 
motes transient enlargement of the aneurysm cavity. 
Steroid medication (100 mg methylprednisolone 
three times a day) prior and up to 5 days after therapy 
might be indicated, and may prevent these delayed 
complications in an individual patient. However, this 
is not an evidence-based therapeutic regimen. 
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5.4.10.1.1 

Results of Endovascular Therapy in Giant Aneurysms 

Different endovascular techniques may serve as an 
adjunct to surgery and may further improve therapy 
of giant aneurysms. In general, therapy of giant 
aneurysms should be tailored to each patient and 
always arise from the combined therapeutic plan 



of neurosurgeons and neurointerventionalists using 
a multimodality approach to minimize morbidity 
and mortality. However, as mentioned above; parent 
vessel occlusion - if tolerated by the patient - is by 
far the most effective type of treatment. Surgery alone 
has an extensive risk, endovascular therapy alone has 
a lower procedural risk but recanalization is a fre- 
quent observation during follow-up. 





f 



Fig. 5.4.45. a PA view. Giant 
vertebral artery aneurysm in 
a 9-year-old boy presenting 
with dizziness, vomiting and 
nausea, b Lateral view. Endo- 
vascular occlusion of the left 
vertebral artery was performed 
distal to the PICA using one 
GDC-Vortx-Coil. c Injection 
into the contralateral vertebral 
artery revealed no retrograde 
filling of the aneurysm. CT: 
(d) before and (e, f) 6 months 
after vessel occlusion demon- 
strated complete retraction of 
the aneurysm 
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5.4.10.2 

Pediatric Aneurysms 

The incidence of cerebral aneurysms in children is 
low. In patients under 15 years of age, it constitutes 
l%-2% of all intracranial aneurysms (Patel and 
Richardson 1971), in children under 5 years, 0.1%- 
0.05% (Locksley et al. 1966). In a large cooperative 
study of intracranial aneurysms and subarachnoid 
hemorrhage including 2627 aneurysms, in only 1.5% 
of patients the aneurysm ruptured before the age 
of 19 (Locksley et al. 1966). Analysis of previous 
reports indicated several distinct characteristics of 
this entity. There is a predominant male:female ratio 
approaching 2:1 to 3:1. Compared with adults a high 
number of these aneurysms arise in the posterior 
circulation (Allison et al. 1998). Aneurysms in 
children tend to be large, approximately 30%-45% 
are giant aneurysms (Patel and Richardson 
1971). Ferrante et al. (1988) reported the preva- 
lence of giant aneurysms in children to be 26.8% 
compared to 2% in adults, and the prevalence for 
large aneurysms to be 50% compared to 27% in 
adults. In contrast, multiple aneurysms are less 
common in children (3%-5%) compared to adults 
(20%). Presenting symptoms are rather due to the 
mass effect of the aneurysm than due to aneurysm 
rupture. Compared to adults there is an increased 
incidence of infectious or mycotic aneurysms in the 
pediatric population, frequently secondary to bac- 
terial endocarditis (Allison et al. 1998; Lee et al. 
1998). Since general anaesthesia is mostly necessary 
for balloon occlusion of the internal carotid artery 
in children and clinical monitoring during occlusion 
is impossible, monitoring of somatosensory evoked 
potentials as a simple and reliable neurophysiologi- 
cal technique is very helpful. Median nerve sensory 
evoked potentials (SEP) maybe an ideal monitoring 
during occlusion of aneurysms of the carotid artery 
territory because the ICA supplies the hand area of 
the somatosensory cortex. Likewise, basilar aneu- 
rysms may not be effectively monitored with SEP 
or brain stem auditory evoked potentials because 
basilar perforator occlusion may not affect either the 
somatosensory or auditory pathways (Friedman et 
al. 1987, 1991; Friedman and Grundy 1987). Again: 
as mentioned above, we do not perform balloon test 
occlusions any more, but rely more - and in the 
majority of patients exclusively - on the analysis of 
the circle of Willis. 

Patients who do not tolerate the balloon test occlu- 
sion or do not have a simultaneous filling of the veins 
via the circle of Willis while compressing the target 



vessel, should undergo extracranial-intracranial 
bypass before parent vessel occlusion. 

5.4.10.3 

Aneurysms in the Elderly 

Definition of the term “elderly” varies widely. Per- 
haps the most widely accepted definition for elderly 
is more than 65 years old, primarily since this is 
associated commonly with retirement. Incidence of 
SAH increases with age, from 1.5 to 2.5 per 100,000 
per year in the third decade of life to 40 to 78 per 
100,000 in the eighth decade of life (Phillips et 
al. 1980; Sacco et al. 1984). Advanced age is com- 
monly associated with a poorer outcome after SAH 
(Elliott and Le Roux 1998). This might be for 
several reasons: older patients are more likely than 
younger patients to present with a poor clinical status 
at admission, larger amounts of SAH, and due to a 
diminished cerebrovascular reserve capacity a higher 
incidence of symptomatic vasospasm. Additionally, 
older patients more frequently have preexisting 
comorbidities, such as hypertension or atheroscle- 
rosis, which might independently have an adverse 
effect on outcome. Anticoagulation therapy for the 
treatment of atherosclerotic heart or cerebrovascular 
disease is also more frequent in older patients, which 
also increases the risk of poor outcome following 
aneurysmal SAH (Rinkel et al. 1997). 

However, when stratifying older patients accord- 
ing to clinical grade, an association of advanced age 
and outcome is not observed (Elliott and Le Roux 
1998). This is in accordance with the results of our 
institution. As a consequence, we think to decline 
treatment solely on the basis of advanced age is not 
justified. The decision to treat elderly patients should 
be made according to the patient' s overall situation, 
including clinical grade, overall physiologic condi- 
tion and associated risk factors. 

Conservative treatment of ruptured aneurysms in 
older patients seems to be associated with a poor out- 
come (Ellenbogen 1970). There is some evidence 
that surgically treated elderly patients do better 
than conservatively treated patients after aneurysm 
rupture. Fridikson et al. (1995) reported that two 
thirds of patients between 70 and 74 treated surgi- 
cally returned to independent living and good mental 
state, whereas among 93 age-matched controls, refu- 
sion of surgery because of age, 75% suffered signifi- 
cant morbidity and mortality with more than 50% 
died within 3 months (Fridriksson et al. 1995). 

In a small series of patients over 80 years old with 
ruptured anterior circulation aneurysms and a poor 
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Hunt and Hess grade of III, Hamada et al. (2001) 
reported a bad outcome for the conservatively treated 
patients, and still disappointing results for the surgi- 
cally treated patients. The best results were obtained 
for MCA aneurysms. 

Although little data is available on the results of 
endovascular aneurysm therapy in elderly patients, 
the reported results suggest this modality is promis- 
ing in this age group (Rowe et al. 1996). In our opin- 
ion, endovascular therapy should be more strongly 
considered as first line therapy for elderly patients 
with SAH whenever possible. This way the aneu- 
rysms can be embolized in the acute phase with coils 
and preventing rebleeding (Fridriksson et al. 1995; 
Hamada et al. 2001). 

Atherosclerotic vascular disease is more fre- 
quently in elderly patients and may be associated 
with more tortuous vessel anatomy. Superselective 
catheterizations of distal cerebral vessels might thus 
become technically more difficult. Atherosclerotic 
carotid bifurcation disease is frequently associated 
in patients with advanced age and might increase 
the risk of thromboembolic complications. In 
selected cases, a combined approach, first stenting 
of the carotid artery stenosis and subsequently coil 
embolization of the ruptured aneurysm might be a 
therapeutic option. Aneurysms at the anterior com- 
municating artery are reported to be associated with 
a higher incidence of poor neuropsychologic out- 
come than aneurysms in other locations (Bornstein 
et al. 1987). In elderly patients even subtle changes in 
neuropsychology can have a strong infiuence. 

5.4.10.3.1 

Unruptured Aneurysms in the Elderly 

Treatment decisions for unruptured aneurysms in 
older patients require estimation of the patient's 
individual life expectancy and the risk of aneurysm 
rupture. Since the last results of the ISUIA study 
the critical size seems to be 7 mm and - beside size 
- location at the posterior wall of the ICA and the 
posterior circulation per se seem to have a higher 
risk of rupture. 

Taylor et al. (1995) reported that only 2% of 
unruptured aneurysms in elderly patients rupture 
within 2.5 years of diagnosis. Considering these data, 
aggressive treatment, either surgical or endovascular 
do not appear to be beneficial. In any case, careful 
consideration should be given to the patient's gen- 
eral health, coexisting morbidities, and personal and 
familial background before considering aneurysm 
therapy (Taylor et al. 1995). However, for many 



patients an explanation of the statistics is not the 
solution of the problem. If the first physician com- 
pares the - let's say - incidental aneurysm with a 
bomb in the head, quality of life usually drops dra- 
matically and sometimes occlusion of the aneurysm 
is the only way to overcome the psychologic problem 
of the patient. 

5.4.10.4 

Multiple Aneurysms 

The frequency of multiple aneurysms ranges from 
5%-33% (Andrews and Spiegel 1979; Bigelow 
1955; Inagawa 1991; McKissock et al. 1964; Mizoi 
et al. 1989) and seems to be higher in females than 
in males (Andrews and Spiegel 1979; McKissock 
et al. 1964). Multiple aneuryms are found in up to 
34% of patients presenting with aneurysmal SAH 
(Rinne et al. 1994). In our patient population every 
third patient had two or more aneurysms. 

The optimal treatment of associated - and asymp- 
tomatic aneurysms is still controversial. Treatment of 
multiple aneurysms should always consider location, 
patient's age, and neurological status, as well as ana- 
tomic relation to the symptomatic aneurysm. Some 
experts think that surgical treatment of unruptured 
aneurysms is not indicated. However, because of the 
presumed natural history of unruptured aneurysms 
and the progress in therapy the majority of neuro- 
surgeons agree that associated aneurysms should 
be secured and that the risk of treating them is low. 
The symptomatic aneurysm should be treated first 
and the others can be treated in the same setting 
or alternatively later on. The localization of blood 
on the CT scan can help to identify the aneurysm 
responsible for the SAH. Nehls et al. (1985) showed 
that in patients presenting with multiple aneurysms 
and SAH the ruptured aneurysm could be correctly 
identified in 97.5% on the basis of clinical, CT and 
angiographic data. However, there is also evidence 
in the literature that blood distribution on CT does 
not enable identification of the site of the ruptured 
aneurysms. 

Other hints may be: The larger and more irregu- 
larly shaped aneurysm is usually the one which has 
ruptured. If there are two aneurysms at one artery 
the most proximal and large aneurysm is the one that 
usually has ruptured. 

However, little is known of the overall management 
outcome of multiple aneurysms. In an unselected 
series of 302 patients with multiple intracranial 
aneurysms Rinne et al. (1995) reported the manage- 
ment outcome one year after treatment significantly 
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Fig. 5.4.46a-e. High-grade ICA stenosis due to atheromatous plaques in a patient with a ruptured Acorn aneurysm. After stenting 
of the stenosis under heparin the Acorn aneurysm was successfully embolized, the patient got antiplatelet therapy immediately 
after this two-step procedure 
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poorer for patients with multiple than for those with 
single intracranial aneurysms. The frequency of poor 
outcome (GCS 3-5) was most evident in patients with 
Hunt and Hess Grades II and III (29%), compared to 
patients with a single aneurysm (19%) in the same 
clinical grade (Rinne et al. 1995). The authors attri- 
bute their results mainly to the increased manipula- 
tion of cerebral arteries and brain tissue associated 
with increased delayed neurologic deficits in this 
patient group. This is comparable with the data by 
Vajda (1992) reporting a 26% frequency of poor 
outcome during long-term follow-up in patients with 
multiple intracranial aneurysms. However, most sur- 
gical series have opposite results, with equal results in 
patients with multiple and single cerebral aneurysms 
(Inagawa 1991; Mizoi et al. 1989; Yasargil 1984). 

A major advantage of endovascular therapy is 
the possibility to treat more than one aneurysm 
in a single procedure. Additionally, the increased 
manipulation of cerebral arteries and brain tissue 
during surgery can be avoided by the endovascular 
approach. There are recommendations to treat only 
one aneurysm of the same artery or vascular terri- 
tory within a single procedure. This is not the policy 
in our institution. On a case-by-case selection our 
policy is to treat any further aneurysm during the 
same procedure, independent of the anatomic loca- 
tion, if the first symptomatic (ruptured) non-giant 
aneurysm was quickly treated without difficulties. 
This is in accordance with the results reported by 
SoLANDER et al. (1999) evaluating their results of 
GDC treatment of multiple aneurysms in single- 
stage procedures. The authors reported 38 con- 
secutive patients with 101 cerebral aneurysms, 79 
of which were treated with GDC, 14 neurosurgically, 
and eight left untreated. A total of 25 patients (66%) 
underwent treatment for all aneurysms within 3 days 
after admission. Follow up angiographic studies 
demonstrated unchanged or improved results in 94% 
of patients and an overall excellent clinical outcome 
in 89%. The authors conclude that endovascular GDC 
treatment of multiple cerebral aneurysms, regardless 
of their location, can be performed safely in one ses- 
sion. In the same way, this single-staged procedure 
may protect patients from rebleeding and eliminates 
the risk of mistakenly treating only the unruptured 
aneurysm (Solander et al. 1999). 



► 

Fig. 5.4.47a-c. Coil embolization of multiple aneurysms in one 
procedure: Acorn, Pcom and carotid-T aneurysm before and 
after coU embolization 
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PiEROT et al. (1997) reported their experience 
of 53 patients with a total of 128 aneurysms. Endo- 
vascular treatment was performed in 67 aneurysms 
in 46 patients, resulting in complete occlusion in 58 
aneurysms and partial occlusion in nine. Perma- 
nent neurologic complications occured in 6.5%, one 
patient rebled. In patients with multiple unruptured 
aneurysms the authors treated two aneurysms at the 
same time if endovascular treatment proves easy 
(PiEROT et al. 1997). 

Because of the patients poor grade, old age, or dif- 
ficult aneurysms it is not always possible to occlude 
all aneurysms in one setting. In the series of Rinne 
et al. (1995) only 58% of all patients with multiple 
aneurysms had all aneurysms clipped or treated 
endovascularly. 

5.4.10.5 

Incompletely Treated Aneurysms/Aneurysm 
Remnants 

Although postoperative angiography is the only 
objective method for confirming the absence of any 
aneurysmal remnant, the widespread trend is not to 
perform postoperative angiography after microsur- 
gical clipping. Since intraoperative techniques like 
checking exact clip location and absence of neigh- 
bouring perforators under the microscope, and 
needle puncture of the aneurysm are standard parts 
of aneurysm surgery the need of postoperative angi- 
ography may be questioned. The usefulness versus 
potential complications and costs have to be evalu- 
ated and its legitimacy discussed. However, we think 
that postoperative angiography is at least justified in 
all “difficult” and large aneurysms. Our institutional 
policy is to routinely perform postoperative angiog- 
raphy in all patients treated neurosurgically. 

This is the only way to make completely sure that 
there is no remaining aneurysm or aneurysm rem- 
nant. Even opening of the aneurysm sac after clipping, 
a standard procedure in many neurosurgical institu- 
tions, does not exclude residual neck remnants proxi- 
mal to the clip. Additionally, imperfect clip placement 
or delayed clip dislocation may remain unrecognized 
until postoperative angiography is performed. 

There is another perspective that recommends 
postoperative angiograms in all patients: Some- 
times the incomplete clipped aneurysm offers a new 
opportunity for the endovascular approach. A broad 
neck may be pretty small after incomplete clipping, 
a giant aneurysm may be turned into a just large 
one or the anatomy may have become clearer after 
inspection. 



In up to 4% of patients postoperative angiograms 
reveal an expected or unexpected aneurysm resi- 
duum due to incomplete clipping (Lin et al. 1989). 
In a consecutive series of 305 clipped aneurysms, 
SiNDOU et al. (1998) reported an incomplete clipping 
in 18 out of 305 aneurysms (5.9%), with only a neck 
remnant in 3.9% and neck and sac remnant in 1.9%, 
amenable for complementary retreatment. A recent 
clinical data review of six series of clipped aneurysms 
which were checked by early postoperative angiog- 
raphy, revealed that 82 aneurysms (5.2%) out of a 
total of 1397 patients demonstrated residual filling 
(Thornton et al. 2000b). 

Data on cerebral aneurysms treated by an endo- 
vascular approach also confirmed that a significant 
number of cases had either a residual or recurrent 
aneurysm. Vinuela et al. reported a multi-centre 
study on the results of GDC treatment for cere- 
bral aneurysms in 403 patients. They reported an 
aneurysm remnant in an aneurysm-size dependent 
fashion: 25.6% of small aneurysms with a small neck, 
52% of small aneurysms with a wide neck, 62.1% of 
large aneurysms and 50% of giant aneurysms dem- 
onstrated a remnant after initial treatment. During 
follow-up to 36 months after treatment, nine patients 
(2.2%) with incompletely embolized aneurysms 
rebled (Vinuela et al. 1997). In another review by 
Byrne and coworkers (1999) 36% of cases had an 
aneurysm remnant of variable size after initial treat- 
ment, 14.7% of aneurysm remnants had enlarged to 
some degree. Giant aneurysms had a 100% recur- 
rence rate (Byrne et al. 1999). 

The incidence of aneurysm regrowing after 
incomplete treatment may have been underesti- 
mated. Even a small portion of aneurysm neck has 
the potential to enlarge over time. Although small 
aneurysm remnants measuring from 1 to 2 mm 
may not justify retreatment, the risk of progressive 
enlargement to a dangerous aneurysm should be 
considered. Long-term angiographic - preferentially 
done with MR - reassessment may be valuable not to 
miss aneurysm enlargement (Sindou et al. 1998). 

Incomplete treatment of an aneurysm, either by 
clipping or endovascular, may result in recurrent 
hemorrhage with serious or devastating conse- 
quences (Drake and Allcock 1973; Ebina et al. 
1982; Le Roux et al. 1998; Lin et al. 1989). The risk of 
rebleeding from an aneurysm remnant has not been 
statistically studied in a larger series of patients. 
One might assume that these lesions might have 
at least the same risk of rupture as asymptomatic 
aneurysms, which has been evaluated at an average 
of 0.5% per year (Giannotta and Litoesky 1995; 
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Le Roux et al. 1998; Thielen et al. 1997). Feuerberg 
et al. (1987) looked at the natural history of these 
remnants and concluded that the rebleeding risk is 
between 0.38 and 0.79% per year. Lin and coworkers 
(1989) reported 19 patients who had an enlargement 
of a previously documented small aneurysm rem- 
nant after surgical clipping with 14 of these patients 
presenting with rebleeding. 

There are some predisposing factors for postoper- 
ative aneurysm remnants such as aneurysm size and 
topographic peculiarities: Large or giant aneurysms 
are associated with a higher frequency of aneurysm 
remnants as well as neurosurgical difficult anatomic 
localizations such as carotido-ophthalmic region, 
which requires removal of the clinoid. 

Since nowadays endovascular aneurysm therapy is 
an important part in the management of SAH, com- 
parison of surgical and endovascular methods regard- 
ing completeness of obliteration is of major impor- 
tance. The reported results with coil embolization are 
very variable according to the series, techniques used 
and aneurysmal size. In Raymond and Roy‘s (1997) 
series a neck remnant was present in 37%. The study 
by ViNUELA et al. (1997) in 403 patients clearly dem- 
onstrated that the completeness of aneurysm occlu- 
sion is strongly dependent on aneurysm size. In small 
aneurysms the complete occlusion rate was 70.8%, 
whereas in large or giant aneurysms it was in the 
range of 50%. Using the “remodeling technique” for 
wide-necked aneurysms Moret et al. (1997) reported 
aneurysm remnants in 17% of the cases and incom- 
plete occlusion in only 6%. 

This leads to the further question concerning the 
management of the aneurysm remnant or residual 
neck: again surgical, or endovascular, or no therapy? 
Feuerberg and colleagues (1987) found that the 
incidence of rehemorrhage of an aneurysm remnant 
is 3.7%, and the risk of rupture is up to 0.8% per year, 
warranting retreatment of the residual aneurysm at 
least in young patients. However, Feuerberg et al. 
(1987) reported that up to 50% of neurosurgeons 
believe that a second surgical approach would not 
improve the situation. Perioperative scarring, the 
frequent need to remove the primary surgical clip, 
increased incidence of intraoperative rupture all 
add to the increased risk of such a repeat operation 
(Boet et al. 2001). In any case, this remains a difficult 
field and a complex group of patients. However, we 
recommend performing postoperative angiography 
in all patients after clipping and considering the 
endovascular route for those patients with aneurysm 
remnants. For coiled patients it is even more impor- 
tant to have follow-up imaging at least for 3 years. 



5.4.10.6 

Combined Therapies 

Neurosurgery and interventional neuroradiology are 
not competitive therapies, but the complementary 
nature of techniques offers the best chance to reduce 
treatment morbidity and improve long-term out- 
come in difficult aneurysms. The primary modality 
of treatment, the anatomy and configuration of the 
aneurysm, the radiologist's and the neurosurgeon's 
opinion and the ease or difficulty of the retreatment 
procedure using either method and the risks involved 
with each, all have to be considered in the decision 
making process. However, since ISAT, the endovas- 
cular modality should clearly be the first choice, if 

- and this should be borne very much in mind - the 
endovascular expertise is available. 

For complex aneurysms a combined approach of 
endovascular and surgical treatment may use the 
strength of both methods in a synergistic way. There 
are different management paradigms of such a com- 
bined philosophy available: 

- Clipping after partial endovascular occlusion 

- Coiling after partial surgical clipping 

- Temporary balloon occlusion during clipping (see 
Fig. 5.4.17) 

- Superselective angiography prior to aneurysm 
surgery 

5.4.10.6.1 

Clipping After Partial Endovascular Occlusion 

GDC treatment does not exclude subsequent surgical 
clipping. Graves et al. (1995) reported two patients 
in whom srugical clipping of incompletely embolized 
aneurysms was performed without significant problems 
(Graves et al. 1995). However, in some cases clipping 
after coiling might be difficult, often requiring pro- 
longed temporary vessel occlusion. Additionally, open- 
ing of the aneurysm for coil extraction might become 
necessary for final clip placement (Asgari et al. 2002; 
Batjer and Samson 1992; Solomon et al. 1996). 

The primary goal of endovascular aneurysm 
therapy is to completely obliterate the aneurysm. 
However, for acutely ruptured and complex aneu- 
rysms in poor grade patients a therapeutic alterna- 
tive might be a combined sequential approach: first 
to treat the aneurysm by partial coil embolization 
without the demand of achieving complete aneurysm 
obliteration. This way one might achieve a temporary 
protection against early rebleeding, give the patient 
the chance for clinical recovery and offer the final and 
definite occlusion later on. 
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5.4.10.6.2 

Coiling After Partial Surgical Clipping 

There have been several reports on completion of 
aneurysm occlusion by endovascular technique 
after partial clipping (Forsting et al. 1996; Fraser 
et al. 1994). In this setting, the reduced neck size 
after incomplete clipping may represent a technical 
advantage for endovascular therapy. Wide-neck aneu- 
rysms might thereby be transformed into small-neck 
aneurysms. For complex aneurysms which cannot be 
treated by either modality alone, this staged procedure 
of initial partial clipping with narrowing of the aneu- 
rysm neck and subsequent endovascular aneurysm 
obliteration may be considered as therapy. 

Entering the aneurysm with the microcatheter 
might sometimes represent a problem, which can be 
overcome in most cases by appropriate shaping of the 
wire and microcatheter. However, there will remain 
some patients in whom the partially clipped aneu- 
rysm neck may be too small to allow the microcath- 
eter to enter the sac or too wide to retain the coils. 



5.4.10.6.3 

Coiling After Coiling 

Surgery of a partially coiled or recanalized aneu- 
rysm can be difficult and some authors consider 
it to be associated with increased risk and higher 
morbidity (Horowitz et al. 1999). If at all possible, 
our recommendation is, if anatomy is favourable, 
to retreat all previously coiled, but recurrent aneu- 
rysms by a second endovascular approach. If the 
remnant or recurrent aneurysm is of a reasonable 
size the 2nd endovascular attempt is possible in 
the majority of patients. The decision to treat (or 
not to treat) is sometimes more difficult than the 
treatment itself. Is it really necessary to retreat a 
previously unruptured aneurysm with a 3 -mm rem- 
mant? Probably not, if this remnant is stable during 
follow-up. The situation is different if a previously 
ruptured aneurysm reveals a growing remnant 
over 6-12 months. But you can probably imagine, 
that there is a number of patients just in between 
both extremes. 





Fig. 5.4.49a-c. Coiling after clipping. Endovascular 
treatment of a small Acorn aneurysm remnant after 
incomplete clipping. 
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5.4.10.7 

Complications of Endovascular Therapy 

Endovascular treatment is potentially associated 
with procedural complications induced by the treat- 
ment itself. Mainly, there are two categories of com- 
plications: thromboembolic events and aneurysm 
rupture. 

Ischemic complications are either due to a throm- 
bosis of the aneurysm bearing arterial segment or 
due to an embolus either into the aneurysm bearing 
artery or into another artery. 



Thrombosis of the parent artery probably devel- 
ops at the interface of the platinum coils due to aggre- 
gation of platelets. This complication is observed 
more often in broad based aneurysms, e.g. in giant 
aneurysms of the ICA. On the other hand, an embolus 
generates most often in the guiding catheter system. 
Since this complication can occur away from the 
aneurysm, it is important to perform control angio- 
grams during the intervention using a large field of 
view to cover all relevant vessels. 

Procedural morbidity of endovascular treat- 
ment ranges between 3.7% and about 10%, mortal- 
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Fig. 5.4.50a-g. Retreatment after coU compaction („coUing 
after coiling"). Before and after endovascular treatment of an 
Acorn aneurysm with complete obliteration, 6-month follow- 
up demonstrated partial aneurysm recanalization due to coil 
compaction. Retreatment was successfully performed 



ity between 0% and 2.1%. These numbers are well 
evaluated in patients with unruptured aneurysm to 
exclude complications due to the SAH itself (Cog- 
NARD et al. 1997; Johnston et al. 2000; Qureshi et 
al. 2000; Wanke et al. 2002). Johnston et al. (2000) 
reported about a very high number (10%) of cra- 
nial nerve palsies after endovascular therapy. This 
can only be explained by the large number of giant 
aneurysms treated with coils resulting in compres- 
sion of a cranial nerve by the coil mass (Johnston 
et al. 2000). However, thromboembolic complications 
do not necessarily lead to neurologic deterioration of 



the patient. Qureshi et al. (2000) had 8.2% thrombo- 
embolic events during coiling which resulted in neu- 
rological deterioration in only 5.4% of the patients. 

While analysing data about complications of 
endovascular therapy aneurysm localization plays 
an important role. It turns out that treating an aneu- 
rysms at the site of the MCA bifurcation is associ- 
ated with a higher complication rate than treating 
an aneurysm at another location (7% versus 3% for 
Acorn aneurysms (Cognard et al. 1997). Probably 
the complex anatomy of the MCA bifurcation might 
be the reason for this circumstance. 
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To reduce the risk of thromboembolic events, most 
of the neuroin terventional centres anticoagulate the 
patient periprocedurally. Thereby, most of the groups 
at least double the ACT to 250-300 s. Postprocedural 
heparinization reduces the incidence of thromboem- 
bolic events from 9.3% to 5.9% (Qureshi et al.2000) 
and is usually maintained for another 24-48 h after 
intervention. Although no scientific data exist about 
antiplatelet therapy and prevention of thromboem- 
bolic events during or after endovascular treatment, 
administration of low dose aspirin might (e.g. 100 mg 
per day) reduce symptomatic ischemic events. 

If, beside this regimen, clotting occurs, elevation 
of blood pressure (mean arterial blood pressure 90- 
lOOmmHg), reassurance of efficient heparinization 
and “wait and see” for a couple of minutes is the first 
step. If control angiogram shows growing thrombus 
or no improvement occurs within 10 min and if no 
retrograde collateralization of the occluded vessel 
is visible, administration of a GPIIb/IIIa antagonist, 
e. g. abciximab, might be necessary. Administration 
should be performed in bolus fractions of 2 mg, 
either intra-arterial - however, this is an off-label use 
- or intravenously, up to 10 mg and if diminishing of 
the thrombus is noted, low-dose abciximab infusion 
should be continued. GPIIb/IIIa antagonists may 
induce thrombocytopenia that is probably attributed 
to an immunological phenomena, therefore, platelets 
should be monitored. 

If the thrombus does not resolve local intra-arte- 
rial lysis might be necessary. In unruptured aneu- 
rysms, fibrinolytic agents are an obvious option. In 
ruptured aneurysms, fibrinolytic agents should be 
used with extreme caution because rebleeding might 
end in a catastrophic situation even if the aneurysm 
is completely occluded on DSA. 

Aneurysm rupture is another complication which 
can occur during the intervention. Aneurysm rupture 
has continued to be one of the most feared complica- 
tions of endovascular aneurysm therapy. Although 
any interventional neuroradiologist treating acutely 
ruptured aneurysms may be confronted with this 
complication, only few data regarding frequency, 
causes, management and outcome of such ruptures 
during endovascular treatment are available (Hal- 
BACH et al. 1991; McDougall et al. 1998; Ricolfi et 
al. 1998). However, aneurysmal rupture during endo- 
vascular treatment could represent a devastating 
complication. There are many possible mechanisms 
of aneurysm rupture during treatment; rupture can 
occur coincidentally during diagnostic angiography 
or endovascular treatment. Increased blood pres- 
sure during injection of contrast may contribute to 



rerupture of an acutely ruptured aneurysm (Saitoh 
et al. 1995). Aneurysm rupture might also be due to 
perforation with the guidewire or micro catheter, or 
might occur during coil placement. Clinical sequelae 
may be variable, ranging from slight leakage of con- 
trast into the subarachnoid space to massive SAH or 
intraparenchymal hematoma with severe intracra- 
nial hypertension. 

Embolization of the aneurysm can be continued 
in most cases, and the majority of patients with 
treatment-related SAH survive without serious 
sequelae and with a better outcome than anticipated 
(Doerfler et al. 2001). In our experience the degree 
of vasospasms - these can occur immediately - is 
the most important predictor of patient's outcome; 
immediate severe vasospasms correlate with a bad 
clinical outcome. Anyway, it is extremely helpful in 
this situation to have the external CSF drainage in 
place before endovascular therapy starts. 

5.4.10.8 

Monitoring and Therapy of Vasospasm 

Transcranial Doppler sonography (TCD) is a useful 
non-invasive monitoring tool in SAH patients. The 
detection of vasospasm is possible with transcranial 
Doppler, by means of increased blood fiow veloc- 
ity from arterial narrowing in the middle cerebral 
artery and the posterior circulation. However, there 
is uncertainty about the diagnostic specificity of 
TCD. Only velocities above 120-200 cm/s are highly 
predictive for the diagnosis of vasospasm (Vora et 
al. 1999). Compared to angiography, the sensitivity 
and specificity of TCD is good for the middle cerebral 
artery. For all other arteries there is a lack of evidence 
of accuracy or of usefulness of TCD. Additionally, 
TCD cannot distinguish symptomatic from asymp- 
tomatic vasospasm. The crucial point for the patient 
is to be in the hand's of an excellent ICU physician, 
preferentially a neurosurgeon or a neurologist. Both 
are familiar with acute or slow onset of neurological 
deficits and it is the clinical history that leads to an 
endovascular approach for vasospasm. 

Quantification of cerebral tissue perfusion and 
earlier detection of ischemic injury would be nice 
to have in order to guide therapy in SAH patients 
with vasospasm. New imaging techniques, such as 
perfusion (PWI)- and diffusion (DWI)-weighted 
magnetic resonance imaging might enable very early 
identification of ischemic areas (Minematsu et al. 
1992; Moseley et al. 1990; Warach et al. 1992). PWI 
is a non-invasive method often used to demonstrate 
the perfusion reduction in focal ischemia in animal 
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Fig. 5.4.5 la-e. The MCA was occluded during 
embolization of an Acorn aneurysm. Throm- 
bolysis was performed using 10 mg rt-PA 
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Fig. 5.4.52a-d. During embolization of an unrup- 
tured Acorn aneurysm perforation occurred while 
introducing a coil, b, d DSA and CT demonstrated 
extravasation of blood, c Rapid embolization was 
continued and bleeding stopped immediately after 
complete insertion of the first coil. Patient recovered 
without clinical sequelae 




studies and stroke patients (de Crespigny et al. 
1993; Moseley et al. 1990). DWI provides potentially 
unique information on the viability of brain tissue 
and has been shown to be sensitive to early cerebral 
ischemia (Dardzinski et al. 1993; Moseley et al. 
1990; Keith et al. 1995). 

Since DWI is extremely sensitive to ischemic 
lesions it can be used to non-invasively assess 
the safety and efficacy of endovascular aneurysm 
therapy. DWI might be of particular help in those 
patients in whom clinical examination is difficult 
(Biondi et al. 2000). 

Shimoda et al. (2001) used serial magnetic 
resonance imaging to prospectively investigate the 
incidence of infarction caused by vasospasm with or 



without a delayed ischemic neurological deficit in 125 
patients with subarachnoid hemorrhage. The authors 
defined an infarct from vasospasm as a new lesion 
not present on the initial MRI within 3 days after 
SAH and therefore not attributable to primary brain 
damage or surgical complications. A new infarct 
on MRI was evident in 34% (43 patients), whereas 
4% (five patients) showed no new lesion but had a 
delayed ischemic neurological deficit. However, 29 
patients (23%) showed a new asymptomatic infarct 
but no delayed ischemic neurological deficit (Shi- 
moda et al. 2001). 

Vasospasms secondary to subarachnoid hemor- 
rhage are responsible for severe ischemic compli- 
cations. Condette-Auliac and colleagues (2001) 
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Studied asymptomatic vasospasms in seven patients 
with aneurysmal SAH to assess whether DWI pro- 
vides predictive markers of silent ischemic lesions 
and/or progression toward symptomatic ischemia. 
Additionally, three patients with symptomatic vaso- 
spasm, and four patients with SAH but without vaso- 
spasm were studied at regular intervals by DWI, and 
their apparent diffusion coefficients (ADCs) were 
calculated. All patients with vasospasm including 
those without symptoms presented abnormalities on 
DWI with a reduction of the ADC prevalently in the 
white matter. No such abnormalities were observed 
in patients without vasospasm. Correlation of abnor- 
malities on DWI with parenchymal involvement in 
asymptomatic patients would be of considerable 
clinical significance. Larger studies might be able 
to determine whether the ADC has a reversibility 
threshold, because this would facilitate patient man- 
agement (Condette-Auliac et al. 2001). 

Monitoring of patients with vasospasm after SAH 
using a combination of serial PWI and DWI might 
yield insight into the hemodynamics and temporal 
evolution of vasospasms and delayed cerebral isch- 
emia (Rordorf et al. 1999). DWI and PWI might 
thereby improve our pathophysiologic understand- 
ing of the mechanisms underlying the evolution of 
vasospasm and delayed cerebral ischemia. Rordorf 
and colleagues (1999) tried to identify early ischemic 
injury with combined diffusion-weighted and perfu- 
sion-weighted MRI in patients with vasospasm after 
SAH. In patients with symptomatic vasospasm the 
authors found small, sometimes multiple, ischemic 
lesions on DWI encircled by a large area of decreased 
cerebral blood flow and increased mean transit time. 
MR images were normal in asymptomatic patients 
with angiographic vasospasm and patients with a 
normal angiogram and no clinical signs of vasospasm. 
This combined technique could become a useful tool 
in the clinical management of patients with SAH 
(Rordorf et al. 1999). However, at the moment the 
application of these techniques in SAH patients is a 
matter of research and not clinical routine. 

Cerebral vasospasm continues to be the leading 
cause of morbidity and mortality following aneu- 
rysmal subarachnoid hemorrhage. Roughly 40% of 
patients with aneurysmal SAH develop angiographi- 
cally visible vasospasm, about 20% have neurologic 
signs of vasospasm and 10% present with vasospasm 
related infarction. If vasospasm is present at the time 
of patient administration and before treatment of the 
aneurysm a combined approach might be necessary 
in order to occlude the aneurysm and to resolve vaso- 
spasm (Wanke et al. 2000). 



After treatment of the ruptured aneurysm 
approaches to treat aneurysmal vasospasm currently 
include medical treatment with Ca- antagonists, 
“triple-H” therapy and endovascular methods. 

Nimodipine is recommended prophylactically for 
all patients. Several randomized trials have demon- 
strated that nimodipine reduces poor outcome due 
to vasospasm in all grades of patients. These results 
are summarized by Feigin et al. (2000) who analyzed 
eight controlled trials on efficacy of nimodipine with 
1574 randomized patients. 

Aggressive hypertensive, hemodilutional, hyper- 
volemic therapy is also recommended prophylacti- 
cally and is - at least - indicated for symptomatic 
vasospasm. Triple-H therapy is an effective modal- 
ity for elevating and sustaining CBF after SAH. 
In combination with early and definite aneurysm 
occlusion as a prerequisite for this regimen, it can 
minimize delayed cerebral ischemia and lead to an 
improved overall outcome (King and Martin 1994; 
Origitano et al. 1990; Seifert 1997). Assessing trial 
quality there exist only studies with optional recom- 
mendations for this therapy. The efficacy of triple-H 
therapy has yet not been demonstrated in random- 
ized clinical trials. 

The same is valid for the use of the endovascular 
methods. The two main endovascular treatment 
methods are balloon angioplasty and intra-arterial 
infusion of spasmolytic agents. If clinical dete- 
rioration is progressive despite intravenous medical 
therapy, endovascular methods to treat vasospasm 
should be used. 

Balloon angioplasty is superior to papaverine for 
treatment of proximal vessel vasospasm and has a 
more sustained effect on the vessels. Up to date there 
are no series documenting a significance of cerebral 
blood flow increase or improvement of delayed 
ischemic neurologic deficits induced by vasospasm 
compared to controls, but our clinical experience and 
single case studies suggest that balloon angioplasty 
does reverse vasospasms and - if performed early 
enough - can improve the patient's condition. 

Song et al. (1997) reported in early and aggres- 
sive treatment with balloon angioplasty clinical 
improvement in about two-thirds of their patients 
suffering from neurological deficits attributable to 
vasospasm. In a rabbit model an increase in endothe- 
lial proliferation and decrease in the thickness of the 
tunica media was shown suggesting, that angioplasty 
damages endothelial and smooth-muscle cells. This 
maybe the basis for the observation that vasospastic 
arteries do not reconstrict after angioplasty (Mac- 
donald et al. 1995). 
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Fig. 5.4.53. a Severe vasospasm after rupture of an Acorn aneurysm, b After balloon angioplasty and papaverine infusion, c Severe 
vasospasm 1 day later was noted of the previously not dilated vessels 



Papaverine can be useful as an adjunct to balloon 
angioplasty and also for the treatment of distal ves- 
sels that are not accessible for balloon angioplasty 
(Newell et al. 1999). 

Although isolated series documenting clinical 
successes have prompted the increased use of papav- 
erine as a treatment for vasospasm after SAH, some 
authors found, as it is currently being used, the drug 
does not provide added benefits, compared with 
medical treatment of vasospasm alone but do not 
preclude the possibility that alterations in the timing 
of or indications for drug treatment might produce 
beneficial effects (Polin et al. 1998). 

5.4.10.9 

Follow-Up and Outcome 
5.4.10.9.1 

Follow-Up After Endovascular Therapy 

The goal of intracranial aneurysm treatment is to 
achieve complete aneurysm occlusion in order to 
avoid rebleeding. The total occlusion rate after clip- 
ping is higher than after endovascular therapy. In 
most of the neurosurgical centers control angiogra- 
phy after surgery is not performed. However, in the 
literature the range of incompletely clipped aneu- 
rysms range from 4% up to 17% (Byrne et al. 1999; 
Feuerberg et al. 1987; Macdonald et al. 1993). A 
large series of postoperatively examined patients 



with a total of 837 aneurysms revealed residual 
aneurysms in 7.09% (Suzuki et al. 1980). 

Especially for small neck aneurysms endovas- 
cular coil embolization has become a therapeutic 
alternative to microneurosurgical clipping (John- 
ston et al. 1999; Koivisto et al. 2000; Murayama 
et al. 1999; Raaymakers et al. 1998). However, one 
problem that might occur in endovascularly treated 
aneurysms is the relatively high number of sub- 
optimal obliterated aneurysms with a tendency to 
recanalize (Byrne et al. 1999; Cognard et al. 1999). 
Therefore, careful follow-up after endovascular 
treatment in order to detect recurrent aneurysm is 
of major importance. 

Up to now digital subtraction angiography (DSA) 
has been considered the gold standard for evaluation 
of residual or recurrent aneurysms. Since it is an 
expensive procedure and carries the risk of a perma- 
nent neurologic deficit (Grzyska et al. 1990; Hankey 
et al. 1990) a non-invasive and more cost-effective 
modality would be more than nice to have. Magnetic 
resonance angiography (MRA) using time-of-fiight 
(TOF) technique has an excellent spatial resolution 
and is - although not routinely - used for detection 
of both unruptured and ruptured intracranial aneu- 
rysms (Bosmans et al. 1995; Gouliamos et al. 1992; 
Houkin et al. 1994; Jager et al. 2000; Raaymakers et 
al. 1999; Ross et al. 1990; Sevick et al. 1990). However, 
in neurosurgically clipped patients MRA is clearly 
not the diagnostic tool of choice to determine occlu- 
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sion rate due to severe artefacts of the titanium clips 
(Grieve et al. 1999; Hartman et al. 1997). 

However, there are still controversial studies about 
the value of MRA after coiling of aneurysms. Some 
authors report severe artefacts, others report excel- 
lent diagnostic results without producing artefacts 
(Anzalone et al. 2000; Derdeyn et al. 1997; Hart- 
man et al. 1997; Brunereau 1999; Kahara et al. 
1999; Shellock et al. 1997). 

In our experience MRA is very reliable to detect 
recurrent aneurysms. Platinum coils do of course 




Fig. 5.4.54a-d. Giant broad-based ICA aneurysm: TOF axial 
source Image demonstrating signal loss at the vessel wall at the 
site of the implanted stent (arrows), while the parent artery is 
patent. Although there is no flow after coiling the giant aneu- 
rysm is partially thrombosed, b DSA demonstrated the broad 
base of the aneurysm, and after (c) stent placement the aneu- 
rysm could be (d) embolized through the stent-interstices 



alter the MR signal, but not produce artefacts inter- 
fering with the evaluation of aneurysm obliteration. 
As always, the patient should be in a reasonable 
clinical condition to cooperate during the time of 
scanning and vasospasm and subarachnoid blood 
clots should not be present. The same is true if plat- 
inum coils are used in combination with a neuro- 
stent (Neuroform). Although the stent is visible on 
MRA source images and produces some signal loss 
vessel patency and aneurysm obliteration can be 
evaluated. 
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Fig. 5.4.55. a Broad-based basilar tip aneurysm 
encroaching the PI segment. TOF axial source 
images revealed patency of the basilar artery as well 
as of the PI segment of the left. The implanted stent 
is producing signal loss at the vessel wall (arrows). 
b, c DSA delineate the position of the proximal and 
distal markers of the stent (arrows) and complete 
obliteration of the aneurysm 



If there is a good correlation between DSA and 
MRA in the first control after endovascular inter- 
vention - usually 3-6 months later - MRA seems 
promising as a sufficient tool for follow-up of a 
patient with a coiled intracranial aneurysm ini- 
tially larger than 2 mm to select those who should 
undergo further intervention. Nevertheless, pitfalls 
such as aneurysm position in acquisition plane 
(e.g. at the basilar tip) and extraordinary vascular 
disease should be taken into account. To reliably 
evaluate aneurysmal recurrence analysis of the 
MRA-TOF source images is mandatory; evalua- 
tion of the 3D MIP images alone is not sufficient. 
However, in a series of more than 200 patients up 
to now we never missed an aneurysm remnant or 
regrowth requiring new therapy. Therefore, we 
consider MRA as a sufficient tool for follow-up 
patients after endovascular therapy of intracranial 
aneurysms. 



5.4.10.10 
Final Remarks 

Aneurysm therapy has changed in recent last years. At 
some centers already before ISAT and in many since 
ISAT, endovascular therapy is the method of choice for 
those aneurysms that are suitable for this technique. In 
specialized centers, up to 70-80% of aneurysms could 
be treated via the endovascular approach. The remain- 
ing aneurysms are difficult and it will be a major chal- 
lenge to maintain neurosurgical expertise for exactly 
these “non-coilable” aneurysms. However, despite aU the 
technical improvements, occlusion of a ruptiued aneu- 
rysm is often not the most difficult part of the therapy! 
The disease is the subarachnoid hemorrhage and that 
determines patient outcome. Instead of fighting about 
“who should do what” aU disciplines should now focus 
on the remaining problems of the disease. There is stiU 
a long way ahead to overcome these difficulties. 
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